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BACKGR OF THE INVENTION

1. Fiel £ the Invention

The present invention relates to a system and a method
for delivery of a vapor phase product to a point of use.
The present invention also relates to an on-site chemical
distribution system and to a method for on-site distribution
of a chemical. The invention has particular applicability
in the delivery of electronics specialty gases used in the
manufacture of semiconductor devices to one or more

semiconductor processing tools.

2. Descrigtion of the Related Art

In the semiconductor manufacturing industry, different
chemicals are supplied to processing tools in gaseous form
for carrying out a variety of semiconductor fabrication
processes. Examples of such processes include diffusion,
chemical vapor deposition (CVD), etching, sputtering and ion
implantation. These chemicals are conventionally referred

to as electronics specialty gases (ESG’s).



to as electronics specialty gases (ESG s).

-2-7 Many of the chem cals enployed in the above processes, while
introduced to the processing tools in the gaseous state, are stored as

| i qui ds under their own respective vapor pressures. Typically, the liquid
chem cal s have room tenperature vapor pressures greater than atnospheric

pressure. These chem cals are conventionally stored in gas
cylinders which are housed within gas cabinets. A typical volunme of such a
gas cylinder is less than about 50 litets. A partial |ist of chem cals

ressyres upder which they are stored and their
srspgag&a 8| sMPiRYesyin fhe above processes,

while introduced to the Eé@hgs%ing tools in the gaseous

stored in this_manner, hhe

critical pres¥aR¥sChrE

-3-
state, are stored as liquids under their own respective
vapor pressures. Typically, the liquid chemicals have room
temperature vapor pressures greater than atmospheric

pressure.

These chemicals are conventionally stored in gas -
cylinders which are housed within gas cabinets. A typical
volume of such a gas cylinder is less than about 50 liters.
A partial list of chemicals stored in this manner, the
pressures under which they are stored and their critical

pressures are provided below in Table 1:



Vapor Chem cal For mul a Pressure

of "Gas at Critical 20[err] Pressure
(psi a) (psi a) Anmoni a NH3 129 1636
Boron Trichloride BC [err] 19 1071 Car bon Di oxi de
CJerr] 845 1118 Chl ori ne Clerr] 100
634.7 Chlorotrifluoride - C F3 26.1 837.4

Di chl or osi | ane SiH[err]CI[err]§3_ 746. 6 Di sil ane
Si[err]H err] 48 956. 9 Hydr ogen Brom de HBr 335
1240 Hydr ogen Chl ori de HC1 628 1198 Hydr ogen
Fl uori de HF 16 940. 2 Ni t rous Oxide

N err]O 760 1050 Per f | uor opr opane C3F8 115
388.5 Sul fur SFEABLE 1 335 545. 0

Hexaf | uori dg '

Hexaf | uori d¢ A single gag cabi net typicalﬂ9q§ﬁbplles t he che{
vapor to a 4 ngl e heBiCaHpst severaF°§@HﬂéondLCPGPSSHFSCESS|ng t ool §.
Qperation off the gas cabinets and the cylindqref Raseat tiHargigakan
hazar dous, lffabor intensive and]|costly activit|y. 2@°¢he d
depleted, i is inperative thatl{ the gas cylin

and proper T 110 pr oCeu .

Boron Trichloride

Carbon Dioxide

Chlorine

Chlorotrifluoride

Dichlorosilane

Disilane

Hydrogen Bromide

Hydrogen Chloride

Hydrogen Fluoride

Nitrous Oxide

Perfluoropropane

Sul fur
Hexafluoride

Tungsten
Hexafluoride

A single gas cabinet typically supplies the chemical
vapor to a single or at most several semiconductor
processing tools. Operation of the gas cabinets and the
cylinders housed therein can be a hazardous, labor intensive
and costly activity. As the chemical is depleted, it is
imperative that the gas cylinder be replaced with careful

and proper handling procedures.



- 4- In order to reduce the total nunber of gas cabinets required in

t he seni conductor manufacturing facility, it has recently been proposed
that a single gas cabinet service multiple processing tools. Since the
volunes of the cylinders housed in the gas cabinets do not increase with

t he nunber of processing tools being serviced, replacenent frequency of the
cylinders in the cabinets necessarily increases. It is, however,
desirable to mnimze the frequency ot4gylinder repl acenent, not only for
safety concerns but also to reduce the risk of i ntroducing inpurities that
may cause signific r odu

frequency of 35 < qrn g * Cc%“bcfeaS%Fﬁa %Oteflnen d% ‘%% ouscé‘lﬁlcl;?\?g%langftilﬁe

gas bei gl fRM fastesduddisy hdled £ac6Sr sghfaaﬂﬂﬁlﬂti@naas
processing tools serviced by a given gas cabinet. Such an increase in

f 1 owr at e remreritdad heen mcppmdrahzoi ingbedgati cabinegt o@emrscen t he gas

stream whi.ch can result jn ow ate_fluctuation cce ted corrosi on
and prem@4etP %uH%R?F%ﬁ14$cﬁP?i§nroﬁl%%%ng%hY%f?ﬂe?hﬁ gﬁ di stribution

system FUuHEIdEs Solded O Ot Wad’ OSEhS: £ 80| £8E 1foraakaTLEL On of

t he hi ghly pure process gases contam nati1on can ave el eterious

ef fect s ahd hauntber oss @ro@essngng utcobadbeaihgméeliryced, t krephacemantur ed

sem conduct or devi ces nmeet the requirenents of the

seni condUciesiuensy @ sthg ?ﬁhh%@??sahﬂ theogabiBRESt RECEPSAYLANt ages of the

rel ated apto ddobs anoblgolyglolbe PReseOLy)RVER! hoRihezePLRK de novel

systens for I Very o a thém ca
frequency of cylinder replacement, not only for safety

concerns but also to reduce the risk of introducing

impurities that may cause significant product loss.

In addition to increasing the frequency of gas cylinder
replacement, the instantaneous flowrate of the gas being
withdrawn from each cylinder increases with the additional
processing tools serviced by a given gas cabinet. Such an
increase in flowrate can lead to the presence of entrained
liquid droplets in the gas stream, which can result in
flowrate fluctuations, accelerated corrosion and premature
failure of flow control components in the gas distribution
system. Furthermore, the corrosion products can lead to
contamination of the highly pure process gases. This
contamination.can have deleterious effects on the processes

being run, and ultimately on the manufactured semiconductor

devices.

To meet the requirements of the semiconductor
processing industry and to overcome the disadvantages of the
related art, it is an object of the present invention to

provide novel systems for delivery of a chemical stored as a



-5- liquid under its own vapor pressure. The systens nmake possible the

si mul t aneous servicing of nultiple processing tools and additionally can
performa purification function, whereby highly pure gases useful in

ser conductor rmanufacture can be produced. Because of such purification
function, the systens nmake possible the use of a relatively low purity
starting material, which material would otherwi se not be useful, for
exanpl e, in sem conductor manufacturinge_ According to one aspect of
the invention, entrained |iquid dropIePs in the gas obtained fromthe
liquid chemi cal, can be, ,mnimzed or elimnated. sul t | ngl e phase
process ggsu?‘f]&v% elﬁef%%t%ﬂe‘é“f‘p?ﬁ %‘6%‘?%‘}}2%- t oTli%oél%élg?/‘g% e‘ﬁ%lg%nd nmet hods.
It is a fyddeibnbiad SfmiheafEess NbeiPrENd OHE 1Ru1 B{PVE derHeuEkiAGL hods

for delivery of a chemcal stored as a |liquid under its own vapor
pressure, ol and haddiciondbly prantpeefioon & hpuribfiaatvensfunenson,

It is a further,. ohject. of the present ipvention to provide a novel on-site
chem cal Wh&§%e %%{SP%¥é?%ﬁ? ﬂﬁe%.uﬁ%gﬂﬁdl?o?e%ﬁGSFaﬁcEﬂEnica

di stributi | t agticg h§eS¥SLER i Fi er
obj ect s aﬁ@ﬂgggégggfgfg?ﬂésgpgggﬁﬁééﬁvent?%%Ha%I? bec%ngbggﬁa%gﬁgg%g one of

ordi nary sfundtion} heharsyspems makeepossibbe shecusecafi anrelatiwedy and
cl ai ns appended hereto. . . . . .
low purity starting material, which material would otherwise

not be useful, for example, in semiconductor manufacturing.

According to one aspect of the invention, entrained
liquid droplets in the gas obtained from the liquid chemical
can be minimized or eliminated. As a result{ single phase
process gas flow can be obtained, in contrast to known

systems and methods.

It is a further object of the present invention to
provide novel methods for delivery of a chemical stored as a
liquid under its own vapor pressure, which methods can be

practiced on the inventive systems.

It is a further object of the present invention to
provide a novel on-site chemical distribution system, and a
method for on-site chemical distribution which method can be

practiced on the system.

Other objects and aspects of the present invention will
become apparent to one of ordinary skill in the art upon

review of the specification, drawings and claims appended

hereto.



SUMVARY OF THE | NVENTI ON The foregoing objectives are net by the
systens and nethods of the present invention. According to a first aspect
of the present invention, a novel systemfor delivery of a vapor phase
product to a point of use is provided. A storage vessel contains a liquid
chem cal under its own vapor pressure. A colum is connected to receive
the chemcal inliquified state fromthe storage vessel, wherein the
chemical is fractionated into a contaq%qated liquid heavy fraction and a
purified Iight vapor fraction. A conduit is connected to the colum for

renoving the purified 1ight vagor fra&éion éh_;igéonl wherein the system

is connected to the point . ] Tyt he purified vapor

fraction thereffr foregoir¥§EHFedEitas dateCRIE By PERS ﬁﬁsﬁéﬂslﬂﬁﬁntlon, a
e

system for delivery of a vapor phase product is provided which involves a
pl ural i t westhastd wihsthapregenenooenptices osActordipgvessal févatai ning a

liquid chenmical u r its own_ vapor,  pressure d a pluralit f,._col umms.
Each ol (APSTt A% | S RESRORF (TSP EPBa B cOT s EVREFH, 595 Heliueive
heavy |i g & fyfH544 OPhabd Sr&@SPECLLVE hboht ¥8PQBef 18CHLERiged.f1 RSt
colum of the plurality of colums is connected to receive, as the liquid

i nt roducestdtmgyei vessdk chrbatas anlifuidi Ehenisbadt anflermitbeowhnor age
vessel. A conduit is connected to a second colum of the plurality of
col ums fYﬁPOFéﬂ%%?ﬁ@r?her%f?G%PFﬁe1Fe§983?99§dlF@hFe9§&8P EP&ction. The

chemical in liquified state from the storage vessel, wherein

the chemical is fractionated into a contaminated liquid
heavy fraction and a purified light vapor fraction. A
conduit is connected to the column for removing the purified
light vapor fraction therefrom, wherein the system is
connected to the point of use for introducing the purified

vapor fraction thereto.

According to a second aspect of the invention, a system
for delivery of a vapor phase product is provided which
involves a plurality of columns. The system comprises a
storage vessel containing a liquid chemical under its own
vapor pressure, and a plurality of columns. Each column
fractionates a liquid introduced therein into a respective
heavy liquid fraction and a respective light vapor fraction.
A first column of the plurality of columns is connected to
receive, as the liquid introduced therein, the chemical in
ligquified state from the storage vessel. A conduit is
connected to a second column of the plﬁrality of columns for
removing therefrom the respective light vapor fraction. The

system is connected to the point of use for introducing the

second column light vapor fraction thereto.



systemis connected to the point of use for introducing the second colum
| i ght vapor fraction thereto. -7-
A nmethod for delivery of a vapor phase product to a point of use is also
provi ded. According to the nethod, a storage vessel containing a liquid
chem cal under its own vapor pressure is provided. A stream of the
chemcal is introduced in liquified state into a colum, whereby the
chemical is fractionated into a contani?gted liquid heavy fraction and a
purified light vapor fraction. The purified I|ight vapor fraction is

I ntroduced to the I n f use., According.to a further aspect of t he
invention, a :Zf‘etr‘}‘?%g“q({)rfocﬂ%@%‘ﬂﬁ%f of \Paﬁ’c?rp%gg?ﬁﬁ ‘fcito &P pbi nt of
use is proyided oA EOTAI8 MES SR PIRE S “!p[&c?rciﬂrﬁ_:r'ﬁi) Nl hddes i ts
own vapor “pressure 1s provided.” A plurality of cdlums are provided. Each
col um fr atidrees esessel |cpnithiming dudeciiterehemicd b wndess pigcd | oven heavy

liquid fraction .and a respective_|light vapor fraction. A first _colum of
the plur aMaBPHPLFIHER I3 REAHKIASd th Foan ot the (Fhemicpst di$ nt r oduced

t herein, ti'ﬁ%%@&@'iﬁﬁ%%ﬁ’ﬂéfdstﬁét%ééOénécgfﬁnﬁﬁor st’elj1 The

respective vapor on 1s Tenov romd second Col um™0f the
plurality cenmiddidimis Bt IEnSEED Thied | Aot L n¥EeDr 1 {dhald | Keavy
i ntroduced to the point of use. According to a further aspect of the

i nvent i on, fxartoienjand chapiebfied stiglutvapos yExaetien pr cbhelapurfitedyst em

compri ses g GLOLAGE, ¥ eFRgle LGN AL M A% 8aldY' € the point of use.

According to a further aspect of the invention, a
method for delivery of & vapor phase product to a point of
use is provided. A storage vessel containing a liquid
chemical under its own vapor pressure is provided. A
plurality of columns are provided. Each column fractionates
a liquid introduced therein into a respective heavy liquid
fraction and a respective light vapor fraction. A first
column of the plurality of columns is connected to receive,
as the liquid introduced therein, the chemical in liquified
state from the storage vessel. The respective light wvapor
fraction is removed from a second column of the plurality of
columns, and the second column light vapor fraction is

introduced to the point of use.

According to a further aspect of the invention, an
on-site chemical distribution system is provided. The
system comprises a storage vessel containing a liquid
chemical under its own vapor pressure and a plurality of
vapor supply systems. The vapor supply systems are
connected in parallel and downstream from the storage

vessel, and are connected to receive the chemical in



chem cal under its own vapor pressure and a plurality of vapor supply
systens. The vapor supply systens are connected in parallel and downstream
fromthe storage vessel, and are connected to receive the chemcal in
liquified state. Each of the vapor supply systens produces a respective
purified vapor product, and is connected to one or nore respective points
of use for introducing the respective purified vapor product thereto.

In accordance with yet another aspect Qf the invention, a nethod for
on-site distribution of a chem cal is'gfovided, whi ch nmet hod can be
practiced .on the above-descri ystem The netfod conpri ses groviding a

d
st or age \;-é%’é-lf]@@ntsﬁarﬁerrg @arq_ eLﬁ% 'il}f’er?f%%ﬂ’rlﬁfﬂ%? ¥ t BYRr% B PreSsur e,
and intrqdygy S £ ed Ndp i S &S EOT BAS £5PL tL¥g0 ggor
. e vdapor | y syst I ?e

supply syste supp ns are connecte n para and
downst r eah micye thessdet e pybsSe| of hasd Poxt et yogatingpphy syst ens
produces a respective purified vapor product. The respective purified vapor
pr oduct s rasPgqitirsl e £ ed neaper predwet pelaetreeo . poi nts of use.

The systens and nmet hods have particular applicability in the delivery of an
el ectronics specialty gas to one or nore points of use in a sem conductor

manuf act uri ng fracdddedydah®E WIXERPYELt EnOFRePr aBPEEL S8 £ABAYALBhtRORACESSI NY

tool's. a method for on-site distribution of a chemical is provided,
which method can be practiced on the above-described system.
The method comprises providing a storage vessel containing a
liquid chemical under its own vapor pressure, and
introducing tﬁe chemical in liquified form to a plurality of
vapor supply systems. The vapor supply systems are
connected in parallel and downstream from the storage
vessel. Each of the vapor supply systems produces a
respective purified vapor product. The respective purified
vapor products are introduced to one or more respective

points of use.

The systems and wmethods have particular applicability
in the delivery of an electronics specialty gas to one or
more points of use in a semiconductor manufacturing
facility, for example to one or more semiconductor

processing tools.



BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects and advant ages of the

i nvention will beconme apparent fromthe follow ng detail ed description of
the preferred enbodi nents thereof in connection with the acconpanying:
draw ngs, in which: FIG 1 is a schematic diagramof a systemfor
delivery of a vapor phase product in accordance with one aspect of the

I nventi on; FIG 2 is a schematic diagramof a systemfor delivery
of a vapor phase product in accordance ylth a further aspect of the

i nventi on; FIG 3 is a schematic”diagramof a systemfor delivery
of a vapor phase product in accordance a fur pect of the invention,
FIG 4 is a schematic dP&gfam RLES OO Fery—&1 a vapor phase

product in accm@%@cwréﬁ@ramégéé éf‘ethé‘VﬁWéxQ@loﬁWlll becoléG 5

is a schematic diagram of on-site chemcal distribution systemin

accor dancappartent fireohcthaspetiowing detaiked i dmgcription of the
preferred embodiments thereof in connection with the

accompanying drawings, in which:

FIG. 1 is a schematic diagram of a system for delivery
of a vapor phase product in accordance with one aspect of

the invention;

FIG. 2 is a schematic diagram of a system for delivery

of a vapor phase product in accordance with a further aspect

of the invention;

FIG. 3 is a schematic diagram of a system for delivery
of a vapor phase product in accordance a further aspect of

the invention;

FIG. 4 is a schematic diagram of a system for delivery

of a vapor phase product in accordance a further aspect of

the invention; and

FIG. 5 is a schematic diagram of on-site chemical

distribution system in accordance with a further aspect of

the invention.



-10- DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS OF THE | NVENTI ON The present invention provides an
effective way to provide a high purity chemcal which is stored as a
liguid wunder its own vapor pressure to one or nore points of use, for
exanpl e, processing tools used in the fabrication of sem conductor

devi ces. As used herein, the term"a liquid chem cal under its own
vapor pressure” means a chem cal, mhi9£ at anbient conditions would be in
the gas phase, has had its tenperature and/or pressure nodified such that
It isinits I|qU|d state at or near (i.e. mnthln about +5[err]C of) its
boi | i ng point. DEFALLED. DESCRIPT, THE PREFERRED
the inventive system ancEM@QREMEENEE SNV BNE The system

| ncl udes a St OfI e EsSht iln%@hﬁboﬁ%a{rﬂaﬁé aﬁhsffge{-.ﬁteowsg} gs a liquid
under its own vap pressure liquid em cal can be genérated on-site
and stor gskdniide ®uhiglstpuaieyvelsmical, whbek Lgpsterky, ashe [Liquiid
chemical 1is delivered-to the use site via bulk transport vessel, for
exanpl e, '%F@Qmm4$$a@V@rvaE@BrE§€s§B§§eF°1°B?e9€rﬁBF? RRiNES Ofntisenal

50, 000 |115F cokehp} 45 pPOREeTHY EabThusRl LR Bk cabkIREION o ar o not

to be | i ndémicoh@icedepeadvieast he specific application involved.

As used herein, the term “; liquid chemical under its
own vapor pressure” means a chemical, which at ambient
conditions would be in the gas phase, has had its
temperature and/or pressure modified such that it is in its

liquid state at or near (i.e., within about +5°C of) its

boiling point.

With reference to FIG. 1, a preferred embodiment of the

inventive system and method will be described.

The system includes a storage vessel 1 which contains a
chemical stored as a liquid under its own vapor pressure.
The liguid chemical can be generated on-site and stored in a
bulk storage vessel or, more typically, the liquid chemical
is delivered to the use site via bulk transport vessel, for
example, a tube trailer. Storage vessel 1 preferably has an
internal volume of greater than about 100 liters, preferably
from about 200 to 60,000 liters. Sizing of the components
and the flowrates involved are not to be limited, but depend

on the specific application involved.



-11 - The specific liquid chemcal contained in storage vessel 1 is
dependent on, for exanple, the processing tools being serviced and the
processes being run therein. In sem conductor manufacturing processes,
typical liquid chemcals include those electronics specialty gases (ESG s)
specified in Table 1 above, i.e., ammonia (NHerr]), boron trichloride
(BA[err]), carbon dioxide (CJerr]), chlorine (CJerr]),

chlorotrifluoride (O F3) dichlorosil an_q_l(_Si Herr]Ce[err]), disilane
(Si[ferr]H err]), hydrogen brom de (HBr),” hydrogen chloride (HC), hydrogen

fl id HF), npit oxi de (N 0) . fl ) F :
ul'fur hexaf | uORUGHSHAAT hERHA sty SR el (4507 ¢ ungst en
hexaf | uor kg JMF[erid )gegtiddOomsn, BRGE Seﬁngéw,e,thé ProWPigy 1€l ass
of materials known as perfluorocarbons (PFC s). For electronics

manuf act ubeliqaEETcated rend i the proesssed /e inmtre dlepeiresselnl be

compatible with the Iliquid chemcal contained therejn and with the high
purities SEHAIMILGEPE HAMARGEEIRG RFIFRIVT: HYRL nla’g‘@“‘ ssel is

Ror
preferably ]fém&tf t t.al S Eg@%: r t £ for
exanpl e, bcy nec %%c%%%%ﬁsﬁ?&n%goélée#é%?%l | |£€1§Kaé%%§%i \(/ﬁ;%f;o%).
The |iqui ;pheifed DOMabhledl i dbdhe, Si o ageammoistd . (MHHr e y of high
purity. However, because of the purification function_ of the system and

Tet hod,  t HEEAGR T Ao RRGL) p @ermBpTe SH B Aol (b el R SRABB IRk wi £
Conventlc”Eﬂl&%S%%iffﬁoride (C1F;) dichlorosilane (SiH,Cl,), disilane

(si,H¢) , hydrogen bromide (HBr), hydrogen chloride (HC1l),
hydrogen fluoride (HF), nitrous oxide (N,0),perfluoropropane
(C3Fg) , sulfur hexafluoride (SF), trichlorosilane (SiHCl,),
and tungsten hexafluoride (WF). Additional ESG’s include,
for example, the class of materials known as

perfluorocarbons (PFC’s).

For electronics manufacturing applications, it is
desirable that storage vessel 1 be compatible with the
liquid chemical contained therein and with the high purities
required in the manufacturing process. The storage vessel
is preferably.constructed of stainless steel and can be
surface treated, for example, by mechanical polishing or

electropolishing and passivation.

The ligquid chemical contained in the storage vessel is
preferably of high purity. However, because of the
purification function of the system and method, the liquid
chemical purity can be relatively low compared with

conventional practice.



-12- Storage vessel 1 is connected to a conduit 2 for transferring
the chemcal inliquified formfromthe storage vessel to other conponents
of the system Suitable naterials of construction for liquid transferring
conduit 2 and other conduits which contact the chemical in liquified form
generally include but are not Iimted to, 316 stainless steel. The

specific material selected, however, w |l depend upon the specific liquid
chem cal bei ng used. Flommates_%%joughout the systemw || depend on
the specific applications involved, did the systemis preferably designed

around the flowate requir.enents. i gh_purity. bloc bl eed and
purge system %Wﬂfe V%Sﬁfg'se]d ’O%VSF%IW%%WA%&?% ‘E)?ﬁlcwltbffc%%ect i on of
storage 4&saflerriy C&f@%ﬁer@ica-rfeirﬁ’bifgffffédtf@rﬁlﬁf&n ah@estafﬁ%epurge
system3 is to ensure that contam nants are not Introduced Into t system
during r edsssdneid attheat crageoneEsisel ofl. the systém. t heubkapei fi ed

enbodi nent, bl ock, bleed and purge system 3, i ncludes a high puriténinert
purge gadedAFidl s ok RIReETTEIR O ot HERi Y tRRNEERTTIRY eARANERDYal of

mbi ent inant ; - ' ' hepi Efelh
yot om d T SRHER Colifes £ Sluillih TR AL Afng ShAlPLaE B 21 Fllea"e

ni t r ogen-fibsrn eferverdlly PhkDede Syst eare Snevpl dnttediotol hBs6pytadAaRess purge
gas line 5 is connected to conduit 2 downstream of the point of connection
of storaderkselThe gpecifigemaberialspieated. phewewer, will depend

- upon the specific liquid chemical being used.

Flowrates throughout the system will depend on the
specific applications involved, and the system is preferably

designed around the flowrate requirements.

A high purity block, bleed and purge system 3 can be
disposed downstream of the point of connection of storage
vessel 1 to conduit 2. The purpose of the block, bleed and
purge system 3 is to ensure that contaminants are not

introduced into the system during replacement of storage

vessel 1.

In the exemplified embodiment, block, bleed and purge
system 3 includes a high purity inert purge gas source 4,
such as nitroéen, argon or helium, for the removal of
ambient contaminants and for the removal of residual
chemicals in the system during replacement of storage
vessel 1. Preferably, a nitrogen-driven venturi purge
system is employed for this purpose. A purge gas line 5 is
connected to conduit 2 downstream of the point of connection

of storage vessel 1. The purge gas is typically bled off



-13 - through a bleed line 6, which can be connected to a waste treatnent
unit 7 for further processing. Dependi ng upon the specific chem ca
enpl oyed, waste treatnent unit 7 can conprise, for exanple, a unit for
adsorption, scrubbing, thermal deconposition, storage or a conbination
thereof. To reduce the quantity of liquid chem cal and/or contam nated
purge gas that is sent to waste treatnent unit 7, it is desirable to
mnimze the volunme of block, bleed and purge system 3. Control of
the gas flow in block, bleed and purge ""system 3 can be acconpli shed by

mani pul ati on of valvyes M1 ..and V2 in conduit 2, valve V3.in pur as line
5 and val SEORSH SIRPT ik 6 TS A Bf SHARRIR T A LA w th
a cycling @la{hento Jial 7 By audfh i ResLQRY am nants or residual

chem cal canabe acconpl i shed through a“series of” pressure-vacuum cycl es.

Fl ow control throughout the system including operation of block, bleed and
purge system 3, can be automated with a control]er 8. Suitaple contro
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connection storage vesse e system and purging, t uid
cheni cal calsdpticis pasiwsbiy pugheiiel sdedampds Diidhe storage aesael, in
liquified form into a colum 9, which is in fluid communication with the
storage Combination thereof. To reduce the quantity of liquid
chemical and/or contaminated purge gas that is sent to waste
treatment unit 7, it is desirable to minimize the volume of

block, bleed and purge system 3.

Control of the gas flow in block, bleed and purge
system 3 can be accomplished by manipulation of valves V1
and V2 in conduit 2, valve V3 in purge gas line 5 and valve
V4 in bleed line 6. The system can be further integrated
with a cycling valve, so that removal of ambient
contaminants or residual chemical can be accomplished

through a series of pressure-vacuum cycles.

Flow control throughout the system, including operation
of block, bleed and purge system 3, can be automated with a
controller 8. Suitable control means are known in the art,
and include, for example, one or more programmable logic

controllers (PLCs) or microprocessors.

After connection of storage vessel 1 to the system and
purging, the liquid chemical can be transported through the
system from the storage vessel, in liquified form, into a

column 9, which is in fluid communication with the storage



-14- vessel. The liquid chemcal is introduced into the colum at an

I nt ermedi ate poi nt thereof. Fl ow of the chem cal into the colum can
be ai ded by use of a punp 10, such as a positive displacenment punp. A
regdundant punp is preferably provided in case punp 10 should fail. The
inlet of punp 10 is preferably connected as closely as possible to the
purge block to mnimze pressure | osses on the suction side. The outlet of
punp 10 is connected to a conduit 11 .through which the liquid chemcal is
transported to columm 9. Dependi ng on ¥He nature of the i mpurities to be

renoved and the degree ,of pyrification desire It yay be desiyable to
il oy adBRgEd ¢ st LB el R A P e ey ey
be di spoggd i i$RYd I ﬂé1§3§ﬁglgﬂ g tiple colum systems are further
descri beé%bg]lr{(;vﬁﬁlé%delraenc to FI Ger2. Various types of columms are

envi sioned for use with the invention. The colum should allow intimte

contact between |iquid and vapor phases, whereby a purified vapor can be
obt ai ned t her @‘Wno%lﬁh%tﬂléewfiﬁﬂ“?%c‘}%e?°¥‘6?n es@pppe, atdedi Pyati on,
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of the trace 1 npu npurities. ere mul ol 'unms~ are enpl oyed,

the col ureshatadte Wimp hts Seref oralol @i pEevodédt yhecase pump T0esneludn
typically contains one or nore |iquid-vapor phase contact pronoting
devi ces, faidh asThe rirlef coff pumertQ isnpreferenl packingchedeaal s, or
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losses on the suction side. The outlet of pump 10 is
connected to a conduit 11 through which the liquid chemical
is transported to column 8. Depending on the nature of the
impurities to be removed and the degree of purification
desired, it may be desirable to employ a plurality of
columns. Where multiple columns are used, they may be

disposed in series or in parallel. Multiple column systems

are further described below in reference to FIG. 2.

Various types of columns are envisioned for use with
the invention. The column should allow intimate contact
between liquid and vapor phases, whereby a purified vapor
can be obtained therefrom. Suitable columns include, for
example, distillation, absorption and adsorption columns,
and chemical conversion/reaction units of the trace impurity
or impurities. Where multiple columns are employed, the

columns can be of the same or a different type.

The column typically contains one or more liquid-vapor
phase contact promoting devices, such as structured, ordered
and random packing materials, or sieve, bubble-cap, wvalve,

Kittel plate, flexitray, shower trays and other special tray



designs, to provide for a high degree of contact between the Iiquid and
vapor phases in the colum. O these |liquid- vapor phase contact pronoting
devi ces, randonly packed colum and bubbl e-cap are preferred.

Sui.t abl e packing materials are known in the art, and include, for exanple,
Rachig rings, Lessing Rings, Berl saddles, spiral partition rings and grid
packing. Suitable materials of construction for the packing materials
include, for exanple, glass, quartz, gefamcs and stainless steel. Choice
of the packing type and material of construction is dependent on factors,

such as t ] C | ng purd fj ed [ s.f | . re an
adsor bent IE&l%ss %I%@deaééjn%%d)}gl 5 nﬂ#]ga c%%m%esq% poaér t‘?%#%’&@a%%%v eerrllttyigg;]d
anount t hariepfi dMddd degeid ghrddlr RArdhe Wollubenoplchedadligended, as

well as the Inmpurity or inpurities to be renoved. Typical adsorbents

i ncl ude, apaxah#se coniadct orerotdaerdqvieeny arandom KN raeked net al

| npr egnat ed _car bons_for. sul fur conpound renoval fromCJerr]. activated
carbons f GPY A JFukRierFaR e o ig ?génd mol ecul ar si eves, alum na
and silica based products. “Where trays are enployed in the
purification colum, the trays are typically constructed of stainless

steel. The tot aduitaibbe pPhckimysmatériakbpeate dndine tpechéi archeandal being
treated and the_nature and concentration of inpurities therein, as well as
the degrecinflydei ffehte¥amphke; rRychig rings, Lessing Rings, Berl

saddles, spiral partition rings and grid packing. Suitable -
materials of construction for the packing materials include,
for example, glass, quartz, ceramics and stainless steel.
Choice of the packing type and material of construction is
dependent on factors, such as the chemical being purified

and its mass flow rate.

Where an adsorbent is to be émployed.in the column, the
particular adsorbent and amount thereof will depend on the
particular chemical being treated, as well as the impurity
or impurities to be removed. Typical adsorbents include,
for example, ascerite for CO, removal from N,0, metal
impregnated carbons for sulfur compound removal from CO,,
activated carbons for removal of volatile hydrocarbons, and

molecular sieves, alumina and silica based products.

Where trays are employed in the purification column,
the trays are typically constructed of stainless steel. The
total number of trays will depend on the specific chemical
being treated and the nature and concentration of impurities

therein, as well as the degree of purification desired.



. - 16- Liquid feed to colum 9 can be
controlled by use of a controller 8. The controller description set forth
above applies also to the liquid feed controller, and to each of the

controllers to be described below Thus, while FIG 1 illustrates a single
controller for controlling various aspects of the system the use of
multiple controllers is also envisioned. The controller can

operate, for exanple, based on input fyoma |evel sensor/transmtter 24
which nmonitors the liquid chemcal |evel at the bottom of colum 9. The

contr o 11 AN R, oL IRy 100 b hd BaTBL BLoENE 111 ¢

chem cal Ievel a desired,”pre erm ned

level . Thedpalll&ensor /thansont t6116ANdd6cript iexaget efoatHi Abetrential
pressure gauge, a flat or other known neans to neasure the liquid level in

t he col umpplies |alpe dto et biameid/ feedsepnteelierprandr ibl gachnof
communi cation with 10 via controller, 8 to copirol he liquid_level in
the col unme controliPs tobe GReFEoad bFLaer aLORE: niPALE: FOT-| & ¢ he

col um w3 Yé¥¥acepends g P8 t8RL$8EEEE! Boki BBLErehEThealaRebng treated
and the nature of the inpurities therein, colum 9 preferably operates at
a pressuraspdcts onf abbat sgstem]100heansenvfempilefiplabbpntrohlarsutiss to 20
bar, and at a tenperature of from about -200 to 300[err]C, nore preferably
from abodlEQERHLIEERNEH: | C. The liquid chenical introduced into
the colum is fractionated into a contam nated |iquid heavy fraction, and

The controller éan operate, for example, based on input
from a level sgensor/transmitter 24 which monitors the liquid
chemical level at the bottom of column 9. The controller
can turn on and off pump 10 as required to maintain the
liquid chemical level at the bottom of the column at a
desired, predetermined level. The level sensor/transmitter
can be, for example, a differential pressure gauge, a flat
or other known means to measure the liquid level in the
column. The liquid level sensor/transmitter is preferably
in communication with pump 10 via controller 8 to control

the liquid level in the column.

While the pressure and temperature maintained in the
column will vary depending on the specific liquid chemical
being treated and the nature of the impurities therein,
column 9 preferably operates at a pressure of from about 1
to 100 bar, more preferably from about 5 to 20 bar, and at a
temperature of from about -200 to 300°C, more preferably

from about -40 to 150°C.

The liquid chemical introduced into the column is

fractionated into a contaminated liquid heavy fraction, and



-17- a light vapor fraction. As used herein, the term"heavy fraction"

refers to a streamrenoved froma portion of a

colum below the liquid

feed stage. The heavy product is in aliquid state, and is preferably
repoved fromthe bottomof the colum. Al so as used herein, the

term"light vapor fraction"

col um above a feed stage. The |ight vapor product is preferably renoved

fromthe top of the colum.

|l iquid heavy fraction is converted into a saturated vapor in
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conpati bl e nad td»18R4H conduct or manuf act uri ng processi ng,
ppm or sub-ppm range. The heat duty @ err] for vaporizer 12 can be
provi ded by a heat source, such as an electric heater for direct heat input

or a heating nmedium stream .for exanple, water..dlycol solution, halocarbon
£l uids, or ot hdrafa® (S RETe ity e rHeHm At RHOWFRE (HA LR | ed i n

vapor t heceBpmgapedovphitdiruddgnm

the art.

connectéd to

e colum at a point bel ow condui't

refers to a stream removed from a portion of a columm above
a feed stage. The light vapor product is preferably removed

from the top of the column.

At least a portion of the contaminated liquid heavy
fraction is converted into a saturated vapor in
reboiler/vaporizer 12. The saturated vapor is returned to
column 9 through a conduit 13, connected to the column at a
point below conduit 11. In this way, the saturated vapor
and the liquid chemical introduced into column 92 can contact
each other intimately in a countercurrent manner. A high
purity vapor thereby can be produced. Conduit 18 is
connected to the column at a point above conduit 11,
preferably at the top of the column, for removing the high
purity vapor therefrom. The high purity vapor stream has a
purity compatible with semiconductor manufacturing

processing, preferably in the ppm or sub-ppm range.

The heat duty Q,, for vaporizer 12 can be provided by a
heat source, such as an electric heater for direct heat
input or a heating medium stream, for example, water, glycol
solution, halocarbon fluids, or other heat transfer fluids

which are known to those skilled in the art.

refers to a streamrenoved froma portion of a

At _hgast a portion of the contam nated

In this

preferably in the



- 18- Resi dual contam nated liquid in the vaporizer can be
periodically drained therefromthrough vaporizer purge line 14. Such
purging can help to mnimze the concentration of the heavier, i.e., high
boi.l i ng, conponents in the saturated vapor. The renoved contam nated
liquid can be introduced into a holding vessel 15, which can be
periodically drained wusing punp 16. This waste material can be sent to a
waste treatnment unit and/or can be pujped into a container for shipment
back to the chem cal supplier for purification and reuse. Vari ous

aspects of thgOpes@l] Oé‘oﬂéaﬁ{fﬂé’\‘ré&eii %%Zyﬁhthésv% ggi‘ﬁé‘% g&hybg errl,

required to vaporize a nmajor portron o i quid can be controlled

by a contgertisdi&abbgedrained hehésefromyshesughesapoeizébeptinbal 1inet em
pressure can be nmeasured by any known neans, such as pressure sensor 17 in
conduit 18%. ThRuchnpubrgieg ean hedpt Fonminjmpee 5bg cenesntrakipur @fng of

the contamnated liquid fromth apotizer _on_a predeternine chedul
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shipment back to the chemical supplier for purification and

reuse.

Various aspects of the operation of vaporizer 12, such
as the heat duty Q;, required to vaporize a major portion of
the liquid feed can be controlled by a controller 8 based on
the total system pressure. The total system pressure can be
measured by any known means, such as pressure sensor 17 in
conduit 18. The controller can additionally be used to
control purging of the contaminated liquid from the

vaporizer on a predetermined schedule.

In order to remove or minimize any entrained liquid
droplets present in the high purity vapor withdrawn from the
column through conduit 18 and to prevent the formation of
such droplets due to condensation, the high purity vapor can
be superheated. Such superheating can ensure single phase
gas flow. This superheating can be achieved by use of one
or more superheaters 19, with the pressure of the high

purity vapor upstream of the superheater being controlled by

a pressure regulator 20.



renoves the entrained liquid droplets fromthe gas stream For exanple, a
heat exchanger (e.g., a shell-and-tube type heat exchanger) using a
suitable heat transfer fluid, for exanple, halocarbons such as freons
(e.g., freon 22), can be wused for this purpose. O her exanples of suitable
structures for superheating the gas include a resistance- type heater,
heater grid-type packing material, heated sintered or porous structures,
and any other direct or indirect nethegs of heating. The
tenperature of the vapor passing through the superheater is nonitored at

s outl et bY AREPELALUAEACHRNELA 2 lan] OuliEY G Ch B FERENTLESY. O

condensat e caus expansi on and coofi ng of € gas as It passes through
pressure fegovabothé2entdtatihedsubgaqgdediopasatdi Skbmbuheogaspepiregm.t he heat
duty Qerr] supplied to the high purity vapor can be requl ated by
control | eFog. example, Ag hgatt eschrngest deeJof ﬁhéhﬁﬂ&eﬁpgoﬁub§ &Y®@rge tank
23. Surge tapk 23, acts_as_a.reservoir r. the, _high ur i \Vapor,, _and
nininizeshﬁ?gsgﬁFganﬁE u&??&ﬁsaiﬁufﬁggggsheﬁgnggpg efb%ﬁﬁé%boFﬁ?is) of
use. As showhphe,t hg18xamrPonk adctnBadirrdhs ((BS gSYPEaRA e )andasiige tank
are preferably provided in conbination as a single unit. The superheater
can al t ernaedvéby bhidi puopede.n Sthess ewamplelwe ofs sugd afodiek . The
pressure in the surge tank, or conbi nation sur, k/ super.heater, is

e.t
preferabl?tﬁHFﬁpﬁﬁﬁeJQQ SHREF g the gas i cld@é a resistance-
type heater, heater grid-type packing material, heated

sintered or porous structures, and any other direct or

indirect methods of heating.

The temperature of the vapor passing through the
superheater is monitored at its outlet by temperature
monitor 21. To prevent the formation of condensate caused
by expansion and cooling of the gas as it passes through
pressure regulator 22 and the subsequent gas distribution
piping, the heat duty Q,, supplied to the high purity vapor

can be regulated by controller 8.

An additional feature of the invention is a surge
tank 23. Surge tank 23 acts as a reservoir for the high
purity vapor, and minimizes pressure fluctuations in the gas
delivered to the point(s) of use. As shown in the
exemplified embodiment, the superheater and surge tank are
preferably provided in combination as a single unit. The

superheater can alternatively be disposed in series with the

surge tank.

The pressure in the surge tank, or combination surge

tank/superheater, is preferably maintained at only several



-20- psi, for exanple, from1l to 30 psi, above the normal distribution

pi pi ng system pressure, but significantly |lower, for exanple, from20 to
50 psi, than the purification colum pressure. In addition to the
abpve, a reflux condenser 68 can be provided for providing reflux to
colum 9. To all ow servicing of the one or nore points of use, gas
distribution piping is connected thereto. Thus, in the case of

sem conduct or manufacturing, one or npyg£ seniconductor processing tools can
be connected to receive the hi gh purity vapor. FIG 2 illustrates a

further aspec of t he res I.nvent wher.e of col ums
are errpl “5@1 LFratI? t:{/d)cﬁ JCoIaLR#]‘Pea#] %h%‘?nb‘%\ylel s of purity
for the %%t&*lmnr&p 1@%3}%&&@" LA AR s {dhei 1 dah€1$ol urm system
and net hod, especially |f both |i ght and heavy inpurities exist in the feed

cheni cal lowEm disc rexaniple sefrénr2h thde péih thapeche tpuriftication
applicable_to theePIuraI colum system wth various differences being
out | i ned GBI Pressure st col urm 25 is di sposed between punp 10 and
second colum 9, which corresponds to the colum described in reference
to FIG 1. The chem cal contained in storage vessel 1 is introduced into

first colum Zmiadditfiodies therabatepn & eedftrgeonfiennernc@raadi bee poi nt
in the col um.
provided for providing reflux to column 9.

To allow servicing of the one or more points of use,
gas distribution piping is connected thereto. Thus, in the
case of semiconductor manufacturing, one or more
semiconductor processing tools can be connected to receive

the high purity wvapor.

FIG. 2 illustrates a further aspect. of the present
invention, wherein a plurality of columns are employed. By
employing a plurality of columns, higher levels of purity
for the gas phase product may be obtained than for the
single column system and method, especially if both light
and heavy impurities exist in the feed chemical. The
description set forth above with respect to FIG. 1 is
applicable to the plural column system, with various

differences béing outlined below.

First column 25 is disposed between pump 10 and second
column 9, which corresponds to the column described in
reference to FIG. 1. The chemical contained in storage
vessel 1 is introduced into first column 25 in liquified

form at a feed stage at an intermediate point in the column.



-21- The types of columms described above with reference to FIG 1 are
applicable to colum 25. The liquid feed into first colum 25 is
fractionated into a liquid heavy fraction and a |ight vapor fraction. The
i ght vapor fraction is renoved fromfirst colum 25 through conduit 26
di sposed above the feed stage, preferably at the top of the colum. The
| i ght vapor fraction is introduced into condenser 27, and is at |east
partially condensed therein. Aonertion of the condensate is
reintroduced into colum 25 through conduit 28 as reflux, which is
connect edrh@ e er0lME AP AlcrARRE duifrd sAd S et relte @i nder of
the light vapor “fraction is renoved fromthe systemthrough conduit 29. The
wast e vap®IGean epte applicdbdd b mlymop@sssed, for exanple, by a waste
treatnment facility. The cooling duty Qerr] for condenser 27 of
first colum 25 is provided by a refrigeration cycle which includes
refrigeration | ) |4 B 8 t AN t he
condenser thr oﬁet Ilﬁﬁérbgl&%%%@r espe%ﬁ‘%/lg&e.?p%leﬁgp%%at | onrg tgEEpBr'essur e
and tenperafitdy @ Afiduid thephwniradt iasre futha thiaghtc orapsnt i fxsdti®ir i gerants
can be used as the cooling nedium Suitable refrigerants are known to those
skilled i Fhendight waney daragiclon drs semaned Frawrklzgie Fekung odf 11, 12,
21, 22, 1 1 Dtuna A d 6.
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at the top of the column. The light vapor fraction is

introduced into condenser 27, and is at least partially

condensed therein.

A portion of the condensate is reintroduced into column
25 through conduit 28 as reflux, which is connected to the
column at a point above the feed stage. The remainder of
the light vapor fraction is removed from the system through
conduit 29. The waste vapor can optionally be further

processed, for example, by a waste treatment facility.

The cooling duty Q.. for condenser 27 of first column
25 is provided by a refrigeration cycle which includes
refrigeration unit 30 and a cooling medium transported to
and from the condenser through lines 31 and 32,
respectively. The operational pressure and temperature of
first column 25 are such that conventional refrigerants can
be used as the cooling medium. Suitable refrigerants are
known to those skilled in the art, and include, for example,
freons such as from 11, 12, 21, 22, 113, 114, 115, 134b,
142b, 152a and 216.



an open refrigeration cycle, which may use a different cooling nmedium such

as liquified or gaseous N err], O[err] or Ar, liquid CJerr] or water.
The liquid heavy fraction is renmoved fromfirst colum 25 through conduit
33. At least a portion of the renoved liquid heavy fraction is introduced

into a reboiler 34. At least a portion thereof is vaporized and

rei ntroduced in vapor forminto first colum 25 at a point below the feed
stage through conduit 35. The heat dutpp.derr], for reboiler 34 can be
provi ded by a heat source, such as an electric heater for direct heat

I nput or a he f Cy‘p% tion or
a Iﬁal ocar bon g:o%q'hg{n swtgﬁ tg{aat trarst flvac%ﬁ cfg are n%(svaE o t hose
skilled ian bb%rﬁli:tefrlgeratl'ﬂiﬁtcynﬂret | athindh toieey liapiial dieffierdntact i on whi ch
is not introduced into the reboiler is introduced into second colum 9 in
li qui fi egopdimousiasd yumpuah @k skkqwidiied e )gaseauadbrh 8BthAdn, if the
operatio aI dg%gfre djfge&ence between first columm 25 and second colum 9
is suffi 2| 8% F'PEW; punp 10 may be replaced by a control valve for
fl ow control. The remai ni ng conponents of the system and nethod steps are
as descri bed above wth reference to FIG 1. operation of the

condenser and/Tre thieyuisbdi¢avy cEradipion ohs roehevdedyfnem biratscngumnor
mul tiple _co
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systen1 first colum

least a portlon thereof is vaporized and reintroduced in
vapor form into first column 25 at a point below the feed
stage through conduit 35. The heat duty Q;, for reboiler 34
can be provided by a heat source, such as an electric heater
for direct heat input or a heating medium stream, for
example, water, a glycol solution or a halocarbon £luid.
Other suitable heat transfer fluids are known to those

skilled in thg art.

That portion of the liquid heavy fraction which is not
introduced into the reboiler is introduced into second
column 9 in liquified form using pump 10 (described above).
As another option, if the operational pressure difference
between first column 25 and second column 9 is sufficient to
allow flow, pump 10 may be replaced by a control valve for
flow control. The remaining components of the system and
method steps are as described above with reference to

FIG. 1.

Operation of the condenser and/or the reboiler can be

controlled by use of a single or multiple controllers, such



preferably operates at a pressure in the range of fromabout 1 to 100 bar,
nore preferably fromabout 5 to 20 bar, and at a tenperature in the range
of from about -200 to 300[err]C, nore preferably fromabout -40 to

15Q[err] C. The second colum 9 preferably operates at a pressure in
the range of fromabout 1 to 100 bar, nore preferably fromabout 5 to 20
bar, and at a tenperature in the range of from about -200 to 300[err]C, and
nmore preferably fromabout -40 to 150]25r]C. These conditions are, of
course, dependent on the specific gas being treated and the nature of the

| mpuri Ui e e QUsHAtkd NS,  As shoﬁb%w%@feﬁmr%wf&&%mmén@pt
limted in any way by the illustrated preferred enbodinment. In this
regard, nwontreilems codnbmsl g drhdeheatpldiyed o téleoblesedd. i nventi on, and
the columms can be linked in a variety of ways depending, for exanple, on
the chem cal being treated and the nature of inpurities. Furthernore, the

mul tiple colu ' .0 Seldq [ I FI G
3illustrates a %I{:J?%}h%(rae}géxml aﬁ yﬁ‘gbnbsgédjf&n%}lt 0 @%[Fl'enfs%tgn#?jb? e??very of
a vapor phasefgrasigtoperaicesraians cpregduidein vleat range T £osmoabsts and

met hods di scussed with respect to this aspect of the invention can_ also be
used i n conjEMcIOPaHF ¢ HeFe Ry_ferbhydfremmeut 5 to 20 bar, and at
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The second column 9 preferably operates at a pressure
in the range of from about 1 to 100 bar, more preferably
from about 5 to 20 bar, and at a temperature in the range
of from about -200 to 300°C, and more preferably from about
-40 to 150°C. These conditions are, of course, dependent on
the specific gas being treated and the nature of the

impurities contained therein.

The use of multiple columns is not limited in any way
by the illust;ated preferred embodiment. In this regard,
more than two columns can be employed in the present
invention, and the columns can be linked in a variety of
ways depending, for example, on the chemical being treated
and the nature of impurities. Furthermore, the multiple

columns can be disposed in series and/or in parallel.

FIG. 3 illustrates a further exemplary embodiment of:
the system for delivery of a vapor phase product in
accordance with the invention. The components and methods
discussed with respect to this aspect of the invention can

also be used in conjunction with the‘systems and methods



t he system being controlled by valve V1, which can be, for exanple, a

sol enoid or air actuated val ve. Si ngl e phase flow of the liquid
chem cal to punp 10 is desirable to prevent a vapor |ock that could result
in. stoppage of the liquid chem cal flow. The conventionally wused |iquid
ESG s, however, are sensitive to anbient tenperature fluctuations. For
exanpl e, nitrous oxide ({N20) exists only in the gas phase at a tenperature
greater than its boiling point of 3ZE%LT]C- Since a single phase liquid is
desired to be introduced into the purification colum, the nitrous oxide
shoul d be.cooled jf .the anhient tenperatur ceeds ut_36[lerr]C. The

ot her |i §&is&u1§§§dcﬁ?rﬂvcealwsl Lﬁedfte n4Ge &9 %Ibcgi'ef i 2 (fg’%aé’ 0ot$hg step to
mai nt ai Nylehag.i qui d phase of the product. To hel p ensure single
phase liquid flow, the liquid chem cal renoved from storage vessel 1 can be
Introduced into a liquid subcooler 50 which can prevent vaporization of
the liquid chenqical,. This.is particularly desirable when the bul k delivery
systemis i nstqu gd“B’dt LGk iR FRRIBLTRIRSY chpb? AR Ecdurefave
significagldl r%é%}&f&%ﬁ SHRseQ o, S CRNchaKe bhFador oL, for
exanpl e, a vesse apped w th copper tubing or a cooling Jacket

-25- t hthigsydtienhdensd | conttrel Teddsy esalve sViE] | whbhcht ddme beat for
exchanger, or other known heat exchange neans. Fresh cool ant passes

from con®HAME + [t RRPLRPEA oY IRbH| REL YR XYREVE€he subcool er t hrough
conduit 53.

Single phase flow of the liquid chemical to pump 10 is
desirable to prevent a vapor lock that could result in
stoppage of the liquid chemical flow. The conventionally
used liquid ESG's, however, are sensitive to ambient
temperature fluctuations. For example, nitrous oxide (N,0)
exists only in the gas phase at a temperature greater than
its boiling point of 37°C. Since a single phase liquid is
desired to be introduced into the purification column, the
nitrous oxide should be cooled if the ambient temperature
exceeds about 36°C. The other liquid ESG chemicals would

similarly benefit from a cooling step to maintain the liquid

phase of the product.

To help ensure single phase liquid flow, the liquid
chemical removed from storage vessel 1 can be introduced
into a liquid subcooler 50 which can prevent vaporization of
the liquid chemical. This is particularly desirable when
the bulk delivery system is installed outdoors, wherein the
ambient temperature can have significant fluctuations.
Liquid subcooler 50 can take the form of, for example, a

vessel wrapped with copper tubing or a cooling jacket



Fl ow ate of the coolant, which controls the amobunt of energy renoved from
the liquid chemcal in the subcooler, is controlled based on the
tenperature of the liquid chem cal |eaving the subcooler through conduit
55.as neasured by tenperature sensor 57. This flow control, as well as
control of the other variables in the system can be automated with one or
nore controllers (not shown). Suitable controllers are known in the art
and include, for exanple, one or norejyogranmable |ogic controllers
(PLCs) or nicroprocessors The subcool ed |iquid chem cal can next

be introd d Q§§ Iy ﬁﬁggy 2 st upply
of 1iqui dlég'% calk'&clgcr?gag orleéi CH uni etcgrfrougrgnﬁelg'pﬁarr@prl at ea}ggoafrol
resul ting eixehaMgdirer 13iptcachdd Q&Mcﬁ\fn IHegttl cesedietfigdimdamecol um 54, The | quid
| evel in the degasser-liquid reservoir unit 52 is nonitored by a | evel

sensor 56, which can be, for exanple, a differential pressure gauge, a

fl h Val
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control | egh BRIRA HN diie St oNd! tid Wb SYRdr SENSQIgy Condipit toe. 11 quid

chem cal reaches a low setpoint value in unit 553 val ve V1 is opened

al | owi ng tfMimwrate of the coolant, which controls the amount of energy
removed from the ligquid chemical in the subcooler, is
controlled based on the temperature of the liquid chemical
leaving the subcooler through conduit 55 as measured by
temperature sensor 57. This flow control, as well as
control of the other variables in the system, can be
automated with one or more controllers (not shown).
Suitable controllers are known in the art and include, for
example, one or more programmable logic controllers (PLCs)

Oor microprocessors.

The subcooled liquid chemical can next be introduced
into a degasser-liquid reservoir unit 52. A constant supply
of liquid chemical can be stored in unit 52 through
appropriate control, resulting in uninterrupted flow of
ligquid chemical to column 54. The liquid level in the
degasser-liquid reservoir unit 52 is monitored by a level
sensor 56, which can be, for example, a differential

pressure gauge, a float or other means to measure liquid

level in the column.

Valve V1, which controls flow of the liquid chemical
into the system, is controlled based on the signal from
level sensor 56. When the liquid chemical reaches a low

setpoint value in unit 52, valve V1 is opened allowing the



-26- liquid chemcal to enter the unit until the liquid chem cal |evel
reaches a maxi mum setpoint level. Alternatively, the liquid chem cal can be
continuously introduced into unit 52 to maintain a constant liquid |evel.
Unit 52 additionally acts in a degassing capacity, renoving any gas phase
product generated fromthe liquid chem cal downstream of the |iquid
subcooler and in the reservoir itself. Any gas in the headspace of
reservoir unit 52 is renoved via congy't 58, connected to a top portion
of the unit. This gas can be sent to & detoxification unit 60, with flow

fromunit 52 being controlled by valve V2. . From degasser-1|i quid
reservoiﬁ%ﬂﬂ%dfﬁﬁew%ﬁﬁ*i?ﬁnﬁpt%%eﬁ?%aTn%%hu%%l}n??%dﬁb@ﬂl ycﬁﬁﬂbcig into
col um 54, | t i Y, Lyvery igui,d se

pr oduct éﬁﬁ“@é’?%%%%%%ﬁ%H@ﬁégf%ﬂgéégg%ggﬁrgg¥%¥a s@g%%%ggagygﬁyéagﬂgse an
i nert gaslispeid ashdvel ¢ain ¢dde) be acgnbitdonslpr inttodgead( Mheor hhitTBe gas
can be introduced directly into unit 52 for_direct pressurization or,

al t er nat ite(NaintainRcporpsane Lhguidoleddlbe enpl oyed. Col um 54
i ncl udes a vaporizers 12 which is fed by the | i quid chem cal passing down
the colum. A level sensor 62 is provided for vaporizer 12 to nonitor the

liquid level whetesn. adaechibfdllyl a¥el iR Yageghasing?cdpherkies whet her
punp 10 (or the pressure feed system if applicable) should send fluid to
col um 54removibng Foyagasnphieh phpduct| geaskresadofrem tbedd igudidgnal to a

ContrO”(%hégféafhggakstream of the liquid subcooler and in the

regservoir itself. Any gas in the headspace of reservoir
unit 52 is removed via conduit 58, connected to a top
portion of the unit. This gas can be sent to a
detoxification unit 60, with flow from unit 52 being

controlled by valve V2.

From degasser-liquid reservoir unit 52, the liquid
chemical can be introduced by pump 10 into column 54.
Alternatively; the method for delivery of the liquid phase
product can be accomplished with a pressure feed system
which can use an inert gas such as helium (He), argon (Ar)
or nitrogen (N,). The gas can be introduced directly into
unit 52 for direct pressurization or, alternatively, a

bladder inside unit 52 can be employed.

Column 54 includes a vaporizers 12 which is fed by the
liquid chemical passing down the column. A level sensor 62
is provided for vaporizer 12 to monitor the.liquid level
therein. The liguid level in vaporizer 12 determines
whether pump 10 (or the pressure feed system, if applicable)
should send fluid to column 54 or not. To accomplish this,

level sensor 62 sends a signal to a controller (not shown)



-27- which, in turn, sends a control signal to punp 10 (or the pressure
feed system. As descri bed above with reference to FIG 1, the heat
duty Qerr] required to vaporize a major portion of the liquid feed can be
controlled by a controller (not shown) based on the total system pressure.
The total system pressure can be neasured by any known neans, such as
pressure sensor 17. The controller can additionally be used to control
purging of the contam nated liquid frgm.the vaporizer on a predetern ned
schedul e. Sui tabl e types of vaporizers are known to persons skilled

in the ar d i,ncl r S ger or a
smal | hea@" %\i}ésse tl[l%%t or?%trﬁdo%)(%‘g?r?t%rtgl%l %q'gr?a%'heat E’Ep@y pro&n de o the
vapori zer pgagsheepFfed By&tent)h a controller, for exanple a programmabl e

| ogi c controller (PLC) or other control devices known in the art.

Advant ageously, multiple vaporizers 12 can be used for redundancy and to
allow for a range of o flowrate V\@]Jé ol 4cantake
various fornms d’ge qul‘é)eeﬁ ee \Xxlt eerreeﬁ%ce % CJ1 % %‘
exenpl ary g@htig), +aghiEes E&V@é?@f‘ﬂzélp@%ajéﬁ%éﬁ@féﬁoafz@ﬂésl 1§6 A
portion of the vapor from upper fractionation zone 66 is renoved through
condui t 1&emsl aam die monttnoMagbrbysta eamtroller (not shown) based on

the total system pressure. The total system pressure can be

- measured by any known means, such as pressure sensor 17.
The controller can additionally be used to control purging

of the contaminated liquid from the vaporizer on a

predetermined schedule.

Suitable types of vaporizers are known to persons
skilled in the art, and include, for example, a shell and
tube heat exchanger or a sﬁall heated vessel. Automatic
control of the heat duty provided to the wvaporizer can be
performed with a controller, for example, a programmable
logic controller (PLC) or other control devices known in the
art. Advantageously, multiple vaporizers 12 can be used for

redundancy and to allow for a range of operating flow rates.

While column 54 can take various forms as described
above with reference to FIGS. 1 and 2, the exemplary column
includes lower and upper fractionation zones 64, 66. A
portion of the vapor from upper fractionation zone 66 is
removed through conduit 18 as a high purity wvapor stream.
As in the previously discussed embodiments, the high purity
vapor stream has a purity compatible with semiconductor

manufacturing processing, preferably in the ppm or sub-ppm

range.



As.in the previously discussed enbodi nents, the high purity vapor stream
has a purity conpatible with sem conductor manufacturing processing,
preferably in the ppmor sub-ppm range.

- 28- Li ght contam nants, such as nitrogen (N err]) and oxygen
(O[err]) can be renoved fromthe top of colum 54 after passing through
upper fractionation zone 66 by use of a reflux condenser 68 followed by a
l'i qui d-gas separator 70. Reflux condenggr 68 rempves energy fromthe gas,
thereby condensing a portion of the vapor stream and |eaving the |ight

t i t i, Th t d
From 11 qui d: gAe 8 7 SR G gie e o, GRCh cof T b 98 A At i ™
regul at or(g4, 3 v tErdn® thal&ldXids it WY tafifed Padsndier

treat nent. The condensed stream can be returned as reflux to colum
54 via cdriedughi2upperr fpassiogathonughnei §6i Hyguse gépar refluRr0. Use of

reflux in this nmann i i n hi evin od separation the C
Ldi 1) on CoRSPPET| 6 EPEkEACEY cBnt i AuSHcSaReREPRERCEF J8por ReLt Uy
prevent i @oﬁ&éﬁgéfﬂséhféﬁefresmhérg? P2bh! EHbaghLY, b%ﬁ%&éﬁ&%oﬁﬁ@ﬁ%ﬁg
significant anmount of time may be required to fesfart the vaporizer once

shut down maporbionroédthéhuaporhetryameandamea&ipgnﬁhquﬂaghy to

fluctuations in flow rate requirenments which na vary an§§gere fromO to
100% of c@paEppynants in gag,fPffed dhe SﬁﬁeéﬁplékﬁlpﬁdF froma niddl e

section of, ﬁE%HEHaﬁggt QEOEERo‘&%Bd%'rtoml%q\&‘l'dc-@a'ss RNelor Y WL Hack

pressure regulator and~into
conduit 72 and back pressure regulator 74, and can be sent

to a detoxification unit 76 for further treatment.

The condensed stream can be returned as reflux to
column 54 wvia conduit 72 after passing through liquid-gas
separator 70. Use of reflux in this manner aids in
achieving good separation in the column. In addition, the
reflux allows for continuous operation of vaporizer 12,
preventing shutdown thereof. This is particularly
beneficial since a significant amount of time may be
required to restart the vaporizer once shutdown has
occurred. Thus, the system can respond quickly to
fluctuations in flow rate requirements which wmay wvary

anywhere from 0 to 100% of capacity.

A purified gas stream is withdrawn from a middle
section of column 54 through conduit 18, which is passed
through a back pressure regulator 78 and into a
superheater 19. Back pressure regulator 78 is employed to
control the pressure inside column 54, and superheater 19
ensures single phase vapor flow in the event liquid droplets

or a mist are present in the purified vapor stream exiting



superheater 19. Back pressure regulator 78 is enployed to control the
pressure inside colum 54, and superheater 19 ensures single phase vapor
flowin the event liquid droplets or a mst are present in the purified

vapor stream exiting -29- colum
54. Suitable superheaters 19 have been descri bed above with reference to
FIGS. 1 and 2. The anpbunt of energy supplied to superheater 19 can

be controlled based on the tenperature,pf the vapor in the outlet conduit
82 of the superheater, as neasured by tenperature sensor 84. In the

il lustrated 1528 t n chi eve t t l'ing

val ve V3 \751‘? rT%%‘st sshl{]%a a]1 %]‘tﬁﬁ‘at q:n gl’:ur%aq;%a Bedeq’l i occol‘:[l}'c}%ae into the
super heat @ihotied Wil uid £ Skeradd ﬁ&m@. tlhearrfti romvia conduit 88.

After the purified vapor stream passes through superheater 19, its

pressure is adjusted by regulator 90 and is next introduced into a vapor
surge tank 92. sur ank 92 is a ase t servi

reservoir whichf cﬂﬂ?‘?ge‘# p?ré%]éﬁes%:ﬁ’g%d ?ﬁfe%rli?f %%age
and can A d;; d%@dwpéa{e Oéeltlé;@ré’tﬁ% &flaéﬁew tid ochdie point(s)
of use at e desired pressure even en there are fluctuations in flow
dermand. Thautprests seoredwit t82 ofipoie pswokchedttem vapanesaswged tlaink 92 is
further reduced by a pressure regulator 94, and the_gas c next . be

i nt r oducedFSTRY BHEED rSERFRL Bt ve %‘é ??%Iﬁgl‘fﬁ’\‘b?a%%mﬁ}am Rh WFLHAFRR  can
SErVe oneé ol a{’%}?}féewpé ﬁtaﬁt?&jn tie ﬂ:.cb fn‘l# %ivm Eﬁ§t\ﬁi218ﬂt'°”al

enbodi nent of I on e |np net hods and’
systens des®judes @H@@vﬁlwfé)téeéﬁranneatmdjl ffuid- Bnttoeduced into the
superheater via conduit 86 and removed therefrom via conduit

88.

After the purified vapor stream passes through
superheater 19, its pressure is adjusted by regulator 90 and
ig next introduced into a vapor surge tank 92. Vapor surge
tank 92 is a gas phase tank serving as a reservoir which can
dampen pressure swings due to changes in flow usage, and can
assure continuous supply of the vapor phase product to the
point (s) of use at the desired pressure even when there are
fluctuations in flow demand. The pressure of the wvapor
product from vapor surge tank 92 is further reduced by a
pressure regulator 94, and the gas can next be introduced
into one or more valve manifolds (not shown), each of which

can serve one or more process tools.

FIG. 4 iilustrates an optional embodiment of the
invention which can be implemented with the methods and
systems described above with reference to FIGS. 1-3. 1In
this embodiment, a portion of the liquid heavy fraction can

be removed from a portion of column 9 below the liquid feed



this enbodinent, a portion of the liquid heavy fraction can be renoved
froma portion of colum 9 below the liquid feed

-30- stage, preferably fromthe bottomof colum 9, via conduit 43 for
rejntroduction into colum 9 as reflux. Use of a reflux liquid in this
manner can advantageously elimnate entrained droplets which may contain

I mpurities, such as netals, in the vapor streamin colum 9. The
elimnation of droplets occurs as a rgsult of the nore efficient |iquid-
vapor contact brought about by the 1iQ Pa reflux. This can result in a
vapor product of greater_puri I | lustrated, conduit 43 carries
a port|cwﬁ%ﬁg?hép¥$ﬁﬁ¥ﬂb¥§a§§°WrEé?lBﬂtF?Bn?EoFﬁﬁHm§ Po ¥1BoFRPAUAL: r eam of

punp_10. d91eeb ahL BB CLEBA' RBCCBRILRANSPE XS UM { NyskNBel pesh 11 quid

chemi cal or I NtTro |on |n e colum y use of a refl ux flow
in the ab@dﬂlﬂiﬁnnﬁﬁul&hﬁnrEhh.HXméﬁhé@ chhquddhnapgepusay bdiménhate a val ue
greater than 1.0 to achieve intimte contact between the vapor and refl ux

l'i quid. Temerainedsdraplespuwhich Sé?oﬁ@p§ﬁé6 ampﬁﬁétléﬁtlﬁﬂﬁhréﬁ ux ratio
even given i

nificapt fluctuations in PQR | u 9
N var Pt 1 BRtarB: hbfabhec viBRE” iragen, dp. oTubn e THE° L MR Ao Tk
system angdrgpMBtBodchkais08nSht &e@uqrﬂs\ oF thei florlebelfifai\einlt] 1&%1@—
described with reference to FIG As in the above-descri bed

syst ens awdpoet bodsacthbromghts |aﬂoe>Udt| b ithet ldudyds merflaxd ndthiicd dseyi n

with a stora vessel 1 which contains the chemcal stored as a liquid
under itsrﬁﬁﬂi@?aﬂy& an VRS BTORSts 5?5&@8\3:@53@“315 ‘connected to a conduit

2 for transferring the chemcal in

As illustrated, conduit 43 carries a portion of the
liquid heavy fraction from column 9 to a point upstream of
pump 10. The liquid heavy fraction can then be mixed with

the fresh liquid chemical for introduction into the column.

By use of a reflux flow in the above manner, the reflux
ratio (liquid/vaéor) can be set to a value greater than 1.0
to achieve intimate contact between the vapor and reflux
liguid. This allows the column to be operated at the
optimum reflux ratio even given significant fluctuations in

the flow of vapor from column 9.

A variation of the above-described systems and methods
as applied to a system and a method for on-site chemical

distribution will now be described with reference to FIG. 5.

As in the above-described gystems and methods, the on-
site distribution system and method begin with a storage
vessel 1 which contains the chemical stored as a liquid
under its own vapor pressure. The storage vessel is

connected to a conduit 2 for transferring the chemical in



-31- liquified formfromthe storage vessel to the other conponents of
the system A high purity block, bleed and purge system 3 can be di sposed
downstream of the point of connection of storage vessel 1 to conduit 2 to
prevent contam nation of the system The pressure of the liquid
chemcal in conduit 2 can be neasured and regul ated by pressure sensor P
and regul ator 36, respectively, the control of which can be autonmated by

use of a controller. In the exenplary_gﬁPodinent, the liquid chemcal is

introduced into a liquid reservoir 37, Tomwhich it is drawn and

delivered_to the r i nder of the system The .internal vqlune of the

i quid re&éﬂ%&lﬁﬂe{%z‘d"ép@fﬂ“ dihe 4t SIGF &rﬂa qr}}eqlﬁ%‘%em cal flow
requi r enedfuddndss t ' | e | ali§r WISt F ystdan {4 the
liquid reser \?(ﬁnr ar eﬁieﬁ?aﬁgaié?hos@%%%orﬁywth respect to storage

vessel 1. purge sydtemns IJasdn dig elispadedridawrestareat dfeadie tmoimtiof ze t he

formation of gas in the liquid reservoir. Such gas t%pically forns as a
resul t of aqmEgstelan et FERrags creseRkut ¢ CthdELHFFEME i s drawn

oL o, AR 4530 VOAL ol T et on o L gee 1 part ety
prevent cavitation.
The pressure of the liquid chemical in conduit 2 can be

measured and regulated By pressure sensor P and regulator
36, respectively, the control of which can be automated by
use of a controller. In the exemplary embodiment, the
liquid chemical is introduced into a liquid reservoir 37,
from which it is drawn and delivered to the remainder of the
system. The internal volume of the liquid reservoir will
depend on factors such as the liquid chemical flow
requirements of the system. Suitable materials of
construction for the liquid reservoir are the same as those

set forth with respect to storage vessel 1.

It is degirable to eliminate or at least to minimize
the formation of gas in the liquid reservoir. Such gas
typically forms as a result of the pressure drop which
occurs whenever the chemical is drawn off from the liquid
reservoir. The elimination of this gas is particularly
desirable prior to introduction of the liquid into a pumping

system to prevent cavitation.

To minimize gas formation, it is desirable to control
the level of the liquid chemical in the reservoir to a value
greater than some predetermined minimum value. This control

can be accomplished, for example, by detecting the liquid



To. mnimze gas formation, it is desirable to control the level of the
liquid chemical in the reservoir to a value greater than some predeterm ned
m ni rum val ue. This control can be acconplished, for exanple, by detecting
the liquid : -32- level in the
reservoir with a | evel sensor connected to a controller 38. Based on the
neasured | evel, additional liquid chem cal can be introduced into the
reservoir from storage vessel 1 as needed. In addition, an exhaust conduit
38 can be provided for renoving the ga% fromthe I|qU|d reservoir by
operation of control valve V5, The g renpved t hrough exhaust conduit 38
can be fua¥et in e‘%a?ﬂ%dre‘F%FV%k’én‘tb}'éh %yl%f"%s?%n??ﬁa?ﬁﬁﬂ?cFﬁél FPt#. The

above  deafiibemh opeseli 9% can hoc AU QURLECCBY1 UG O aahgl oBXETP

controll er one,"or w oneé of hor é ‘con ers.

Fromli CIL!L BSeENOic3T, chhebdi Qﬁtﬁoﬁﬁ@éﬁcﬂhtbstﬂésicélsé!ﬁraﬁlrt frewghout the
r emai nder the system by use of one or nore punps 10", such as a positive
d|splacemﬁnrﬁﬁﬁmwe$%¢lekaﬁﬁl@eededbngEE padption, d@ﬂn§¥h€§ﬁtfron1the

storage ves gﬁsbe ug ed to traasgort t he |8§ EB chen1 hgach of the
vapor suppry %&Et c38, ESPF?thF at8Y. TREYABPherSpEsi FPWt Ceach vapor
supply SYﬁi&ﬂl&afeBéﬁﬁoQBeb9roﬁEESt16ﬁdeaESﬁtEBEp%aﬁ9@ b@ansmwa:g%% the

liquid chemical thereto he liquid chemcal is introduced™ rom punp

10" into nemuvedndhrbugﬁ eahdusheuomdaltoﬂﬂucaﬂ be forshehrutaeatedyf vapor

suppl y sogtens di sposed in parallel mntg another. To control flow
to each °¥h%x9@BBF's BphyWeFteehreatmepspdact &t¥hat Ther “We S and a

COntro”e&escrlbed operations can be automated by use of, for
example, controller 38 alone, or with one or more additional

controllers.

From liquid reservoir 37, the liquid chemical is
distributed throughout the remainder of the system by use of
one or more pumps 10", such as a positive displacement pump.
For example, a single pump 10" downstream from the storage
vessel can be used to transport the liquid chemical to each
of the vapor supply systems 38, as illustrated. As another
possibility, each vapor supply system can have one or more
dedicated pumps for transport of the liquid chemical

thereto.

The liquid chemical is introduced from pump 107 into
main conduit 42, and then via conduits 39 to a plurality of
vapor supply systems 38, disposed in parallel with one
another. To control flow to each of the vapor supply
systems, a respective shut-off valve § and a controller
therefor can be provided. The vapor supply systems each
produce a purified vapor stream which is directed to one or

more points of use 40. In the exemplified embodiment, the



therefor can be provided. The vapor supply systens each produce a purified
vapor streamwhich is directed to one or nore points of use 40. In the

exenplified enmbodi nent, the - 33-
vapor supply systens supply an el ectronics specialty gas to one or nore
sem conduct or processing tools. The details of the vapor supply

systens are provided above with reference to FIGS. 1-4. In this regard,
the vapor supply systens include thos§3§9nponents di sposed downst ream of
the punp 10 in FIGS. 1, 3 and 4 and 10'"Tn FIG 2, leading up to the point
of use. Accorging to a prefegred asgec% of .t he inveni#on an,_ _excess
of the |i IARPENEWPREY PESERTP (GHRBYY | ARoSLERERPEI9E, SRECH h¥t 9RRe Pi qui d
feed to the,yapormSHEPE¥mS¥ShaTBLELesr88Esk ¥igObo1lRI N conduit 42
preferably includes a recycle leg to return back to liquid reservoir 39

that portion of the liquid chem cal which is not introduced into the vapor
supply systens. control back-pressure in conduit, a pressure

moni tor P and cBh?rGﬁt§g€§eO@BtQ?eVBPQFeFHBP}Yp?X§Fﬁ@i REet REOVAEEEcl e | eg
of the congyit, JEFhCQQEEQEn¥§|§§ ?Easpelgﬂ?ra&ﬁdtﬁﬁ%?rQESQBtrEhEer based

on the pressure value neasure € pressure non y controlling

back- pr essvaporssippYyobybhemsedtdutie ahvEBt compbhetitd dhiepbeald to the
vapor supply systens can be ensured. Because of the difference in
density bedqwaatrgam pfuthe BHMPgAS PRaEEGEReAicdl anft 4i angodi'bH& to use

pi pi ng for ragsporti.ng the Liquid chenical. which is of significantly
smal | er digﬁéte?'rﬁgﬁdfﬁgtugsga #gf PPEH pSthFFdn of the

According to a preferred aspect of the invention, an
excess of the liquid chemical is introduced into conduit 41,
such that the liquid feed to the vapor supply systems does
not run out. .Main conduit 42 preferably includes a recycle
leg to return back to liquid reservoir 39 that portion of
the liquid chemical which is not introduced into the wvapor

supply systems.

To control back-pressure in conduit, a pressure monitor
P and control wvalve V6 are preferably provided in the
recycle leg of the conduit. The control valve can be
operated with a controller based on the pressure value
measured by the pressure monitor. By controlling
back-pressure, supply of the requisite amount of liquid

chemical to the vapor supply systems can be ensured.

Because of the difference in density between the liquid
and gas phase chemical, it is possible to use piping for
transporting the liquid chemical which is of significantly
smaller diameter than that used for transportation of the

chemical in its gaseous state. Thus, less space is required



chemcal in its gaseous state. Thus, |ess space is required

-34- for the liquid chenical distribution piping than if the chenical
were transported entirely in the gas phase. Such |iquid phase transport
al so hel ps to reduce pressure fluctuations when conpared with gas phase
di stribution. As a result of each of the systens and nethods
descri bed above, characteristics of the gas being delivered can be

mai nt ai ned t hrough wi de fluctuations i$ flowrate. Such variations can
result fromthe systenms feeding nune dus poi nts of use which have fl ow
rate requirenents_ i ndependent of each other. Fluctuations in the

i nst ant afe¥usthe ohiduid chemicatefisbrigrkier PiRAATabBAR 16nERehousand

(L TES U DCRUEL A0 LON EPLESTBY.R BEESEDS, AhNel BUNCERELY . ! ek N0 Lhe

syst ens

per f or mancegeh@rpessei stahspettt ABsoshelpastandedatBogeedeagei bed above can
be mai ntai ned throughout the canpaign of the chem cal storage vessel

i rrespectflecpathenanshean epmppgafidwprbsens phapei Aiskribytiesf.erred,
however, that the storage vessel be replaced when the chem cal vol une
amounting to about 1 to 20% of the total volunme of the vessel (depending on

the specific Cﬂgnhcﬁééuisﬂgknéach of thefdYstieRBabhnl mdtWode array of use

patterns is possible w the present invéntion. For exanple, the

i nvent i ondescribagaabbive, wcharacteristissaond ithieegaist bednoogerddtveares  Thi s
al 1 ows flgégbLEi%éihgagag%?%irggzkgai%gdf&%gtggékggéein flow rate.

Such wvariations can result from the system’s feeding

numerous points of use which have flow rate requirements

independent of each other. Fluctuations in the

instantaneous flow rate requirement of greater than about

one thousand times the average flow rate may be present

without adversely affecting the performance of the systems

and methods.

Furthermore, the performance characteristics of the
systems and methods described above can be maintained
throughout the campaign of the chemical storage vessel
irrespective ofnﬁhe amount of liquid present therein. It is
preferred, however, that the storage vessel be replaced when
the chemical volume amounting to about 1 to 20% of the total

volume of the vessel (depending on the specific chemical)

remains.

Additionally, a wide array of use patterns is possible
with the present invention. For example, the invention is
compatible with continuous and intermittent operations.
This allows flexibility in process design and can maximize

the overall effectiveness of the equipment.



the overal |l effectiveness of the equipnent.

- 35- VWil e the invention has been described in detail wth reference
to specific enbodinents thereof, it will be apparent to those skilled in
the art that various changes and nodifications can be made, and
equi val ents enpl oyed, w thout departing fromthe scope of the appended

cl ai ms. : -36- WHAT IS CLAIMED | S:
1. A systemfor delivery of a vapor p e product to a point of use, the
system conpri si ng: a storage’Vessel containing a liquid chemca

under its own vapQr pressure; | a colum, copnected to receive the
chemical in | i‘Hﬁi § dd s tiReEnting thrs &%ﬁ%gﬁe%‘?&%# %éf%‘f‘c}f—]t LR heni cal

s fracti QuALALA 4.8 SR Othd L Npeof 1 A6 a puri fied

: ' P
l'ight vap raction; a conduit connected to the colum for
renmovi ng tdigparent to those skilled in the art that various changes

and modifications can be made, and equivalents employed,

without departing from the scope of the appended claims.



purified [ight vapor fraction therefrom wherein the systemis
connected to the point of wuse for introducing the purified vapor fraction
t her et o. 2. The.system according to claim1, wherein the storage
vessel is a bulk transport vessel. 3. The systemaccording to claim

1, further conprising a liquid subcool er between-'t and
the colum  for cooling the liquid chem cal. j‘ﬂ!m ‘m“mgn‘\

according to claim1, further conprLg ng a degasse ween % hes st*or age
vessel and the colum for renoving v Eor formed fromthe liquid chem ca
and/or a reservoir_between the storage vessel and the col um from whi ch

the col urfERABcESELAIMED L83 cal , wherein the degasser and reservoir

optionally forgan hnkegtah YBL! e ivery of: o vERBrSLRERE Rrcdidingd o

claim1, furthef rrsing a re nne the columm to

-37-  rengvgoliher efr agea phet sgaten tbapeastiag:nated Iqu|d heavy fraction
which is reintroduced as reflux to the colum. The system

according to claim &, St@r@ﬁ@rve§§ﬁérF@Pﬁ@1@JW®p@r&&Quhﬁnﬂhﬁm#Q§MC)recelve
at | east orti the contam nated |liquid heavy fraction fromthe

col um, tﬁ3895p6gﬁzgwncgﬁﬁpfépﬁ§ guﬁﬁ?ge | ine for draining

a column connected to receive the chemical in
liquified state from the storage vessel, wherein the
chemical is fractionated into a contaminated liquid heavy
fraction and a purified light vapor fraction; and

a conduit connected to the column for removing the
purified light vapor fraction therefrom;

wherein the system is connected to the point of

use for introducing the purified vapor fraction thereto.

2. The system according to claim 1, wherein the

storage vessel is a bulk transport vessel.

3. The system according to claim 1, further comprising
a liquid subcoocler between the storage vessel and the column

for cooling the liquid chemical.

4, The system according to claim 1, further
comprising a degasser between the storage vessel and the
column for removing vapor formed from the ligquid chemical
and/or a reservoir between the storage vessel and the column
from which the column receives the chemical, wherein the

degasser and reservoir optionally form an integral unit.

5. The system according to claim 1, further

comprising a reflux conduit connected to the column to



the contam nated |iquid heavy fraction therefrom and a waste treatnent
unit connected to receive the contaninated |iquid heavy fraction drained
t hrough the vaporizer purge |Iine.

7. The sy according to”
claiml1, further conprising a superheater for super hawm;m ruﬂ”ﬂmm ed
i ght vapor fraction. 8. The system accordi ol : ']th her
conprising a vapor surge tank between the columm and the poinP of use.

9. The system according to claiml, fagither conprising: a conduit
connected to the colum. for renmoving therefroma |ight inpurity-containing

stream sgighRNdiHdrdIaidig £ PHRctidl 4O tHEe Cohtumiitad PPidqiidbovevyhe

conduit for renoving the purified |ight vapor fraction, and a refl ux
condenser flimacttiondestsicly s prrintrodicediaad i xgf lyoppee i tlye eolammni ng stream
and a conduit for returning the condensed portion to the colum as refl ux.

- 38- 10. The system according to claim1, further conprising a reflux

condenser for_qpndenging, 5ok tafoakiddecs | giyaporehtegston and a

conduit for returning th condensed portion to the colum as refl ux.
11. The sysdniphtbexng di Ngaportiat dnnedioedi to t hecéivei at cheagtcad forns an

el ectronics specialty gas selected fromthe group consisting of amoni a
(NH[ er r ] 3)pomeiem of "the contaminated liquid heavy fraction from the
column, the vaporizer comprising a purge line for draining
the contaminated liguid heavy fraction therefrom, and a
waste treatment unit connected to receive the contaminated
liquid heavy fraction drained through the vaporizer purge

line.

7. The -system according to claim 1, further

comprising a superheater for superheating the purified light

vapor fraction.

8. The system according to claim 1, further

comprising a vapor surge tank between the column and the

point of use.

9. The system according to claim 1, further
comprising: a conduit connected to the column for removing
therefrom a light impurity-containing stream, said conduit
being connected to the column at a point above the conduit
for removing the purified light vapor fraction, and a reflux
condenser for-condensing a portion of the light impurity-
containing stream and a conduit for returning the condensed

portion to the column as reflux.



trichloride (BC[err]3), carbon dioxide (Coerr]), chlorine (Cferr]),
chlorine trifluoride (CF3), dichlorosilane (SiHerr]CJ[err]),
trichlorosilane (SiHC [err]), disilane (Sl[err]H[err]) hydr ogen broni de

(e s oo ety ettt v et AR B M. .

hexaf |l uori de (WF6) and a - perfl uorocarbon. 12. *Thé syst®em®acdording
to claim1, wherein the point of use Lggone or nore seniconductor
processing tools. 13. A systen1?or delivery of a vapor phase

b oduet L0 2 PRI flle UaPac LRCAOUSEEINACERILERIM 1 eurener 3 STOTage
vessel containing a em ca s own~Vapor pressure; and

a plural |dc}fn19f1§ﬂlglnilsreﬁmh @@haéﬁséfaﬁbroaahdégsmgl agpbgtishr educed
therein into a respective heavy liquid fraction and a respective |ight
vapor frdehe ohight vapor fractien: esflupmcenduht ppur sREBynéndcsbems being
connected_to.recei

Lh duced .t h he ch |
aui 1 e eaPEEET oRpERichy Epub e, Sol g Ees iR el 1 the chemcal i

- 39- a conduit connected to a second colum of the plurality of
columms for renoving therefromthe respective |ight vapor fraction
wherein the sytlen1ThecsmﬂeemedccordﬁegpbbnclaﬁnuQe wheriedty &ddheci ng t he

second co] um, l.i ght vapor fraction _there The system
cecordi nolfaRsg ARentBRY) £brlR’ Bl e1bifiindcs, spegialivagie SRlRERS 1o

the secong:cal HAR LRoLETBYAs: AL EL OF ankHi-ONMel ) | MBoFeAt ami nated | quid
trichloride (BCl,), carbon dioxide (CO,), chlofine (Cl,),
chlorine trifluoride (ClF,), dichlorosilane (SiH,Cl,),
trichlorosilane (SiHCl,;), disilane (Si,Hy), hydrogen bromide
(BEBr), hydrogen chloride (HCl), hydrogen fluoride (HF),
nitrous oxide (N,0),perfluoropropane (C,Fg), sulfur
hexafluoride (SF¢), tungsten hexafluoride (WF¢) and a

perfluorocarbon.

12. The system according to claim 1, wherein the point

of use is one or more semiconductor processing tools.

13. A system for delivery of a vapor phase product to

a point of use, the system comprising:

a storage vessel containing a liquid chemical
under its own vapor pressure; and

a plurality of columns, each column fractionating
a liquid introduced therein into a respective heavy liquid
fraction and a respective light vapor fraction;

a first column of the plurality of columns being
connected to receive, as the liquid introduced therein, the

chemical in liquified state from the storage vessel; and



heavy fraction which is reintroduced as reflux to the second

col um.

15. The system according to claim 13, further conprising a liquid-subeool er

bet ween the storage vessel and the first colum for cooling the |iqud
chem cal . 16. The system according to claim 13\.\‘“““&“‘&%‘3@' ng a
degasser between the storage vessel and the first col vapor
formed fromthe |iquid chenmical and/or a reservoir betieeh the st or age
vessel and the colum from which the coiguom receives the chemcal, wherein

t he degasser and reservoir optionally forman integral unit.

The systen1accordingatgﬁﬁﬁgéﬂgéﬁn?ﬁgg%&i@Otgesgégﬁalééyu@ﬁ &8!

conprises, in series an

irst and second col ums,

17.
tas further
one or nore

addi ti onalplwtabiisy ¢fiecatidnhs ofiar rehowisgbehegefoomethedréspeetivee a
-40- respective |light vapor fraction froma respective preceding colum.
18. The sykight a¢epeui fxaebienai m 13, wherein the second colum is

connected to receiveW£g§e§§§8$%égé§E sayy cg' gggeérggtLﬂg &é?

precedi ng col um.

em according to clarm

t
Hkhg?ein t he

storage vegsel fos anbublutingsphet s¥esfal column 1igdht Thposzysgireataeaor di ng

to claim 13, further
thereto.

14, The system according to claim 13, further

comprising a reflux conduit connected to the second

column

to remove therefrom a portion of the contaminated liquid

heavy fraction which is reintroduced as reflux to the second

column.

15. The system according to claim 13, further

comprising a liquid subcooler between the storage vessel and

the first column for cooling the liquid chemical.

16. The system according to claim 13, further

comprising a degasser between the storage vessel and the

first column for removing vapor formed from the liquid

chemical and/or a reservoir between the storage vessel and

the column from which the column receives the chemical,

wherein the degasser and reservoir optionally form an

integral unit.

17. The system according to claim 13, wherein the

plurality of columns further comprises, in series and

between the first and second columns, one or more additional

columns, the additional columns being connected to receive a



conprising a superheater for superheating the second colum |ight vapor
fraction. 21. The system according to claim 13, further
conprising a vapor surge tank between the second colunn -and-—the point of

use. 22. The system according to claim13, r
refl ux condenser for condensing a portion of the I|g EM i‘. “mlfrom
t he second col um,

and a conduit for returning the |0n to
t he second colum as refl ux. 23 _The system according to claim 13,
wherein the |liquid chenical forns an electronlcs speC|aIty gas sel ected
fromthe rou Qnsi sti of a bor.on hI rr]),
car bon di ?FB %&ffe P%% Eﬁpgf FﬁPm alﬁ%ﬁb é% uorEghk?G F3),

di chl orosghagen(SiHerr]A[err]), trlchlor05|lane (SlHG [err]) di si |l ane
(Siferr]Herr]), hydrogen brom de
-41- (HBr), hydrogen chloride (HCl), hydrogen fluoride (HF), nitrous

oxide (N err]0) , per Iuoro ane 1L.F[err]), sulf hexafluorlde
(SF6), tungsterBhex “F 9%%6‘% 4{mn¥ﬁ%u the 24 The

SySte”‘aC%%E@hHQd%&dHﬂ*fE55%nﬁ@8¥éﬂ'£6'¥é&é&6& @le Usés ﬁébé&%%cﬁe

sem conductor processing tools. . A nethod for delivery of a vapor
phase proddefitd fraqidiorn ﬁﬂomnﬂhetﬁmec&dingi¢miqmn5|ng

19. The system according to claim 13, wherein the

storage vessel is a bulk transport vessel.

20. The system according to claim 13, further
comprising a superheater for superheating the second column

light vapor fraction.

21. The system according to claim 13, further
comprising a vapor surge tank between the second column and

the point of use.

22. The system according to claim 13, further
comprising a reflux condenser for condensing a portion of
the light vapor fraction from the second column, and a
conduit for returning the condensed portion to the second

column as reflux.

23. The system according to claim 13, wherein the
liquid chemical forms an electronics specialty gas selected
from the group consisting of ammonia (NH;), boron
trichloride (BCl,), carbon dioxide (COQO,), chlorine (Cl,),
chlorine trifluoride (ClF,;), dichlorosilane (SiH,Cl,),

trichlorosilane (SiHCl,;), disilane (Si,H,), hydrogen bromide



providing a storage vessel containing a liquid chem cal under its own
vapor pressure; I ntroduci ng a stream of the.chem-eal—i-n-liquified

state into a colum, whereby the chemcal is fraction i
contam nated liquid heavy fraction and a purified | |Hmﬁﬁwmmﬂg&m“¥n and
I ntroducing the purified light vapor fraction to the 10) ok

26. The nmethod according to claim?25, further renoving a portion of the
contam nated liquid heavy fraction fromihe colum and reintroducing it as

reflux to the colum. . 27. The nethod according to claim?25, further

conpri si ng | i oY Iy j n |- Sl URGPOLET (1pef Wween the
st or age ve(sse 'a%%ﬁgg%%%hn%f %1’2'8. %%&ér%?h%d accordi(ngifo claim

25, furtheaiitmssungrosideg (00)yipey flaproprapaee: QM hesuifpurd chemical in
-42- a degasser disposed hetween the storage vessel anﬂ thg col umm.
29. The nel9¥RLHRBEE n§STQ (clingsisn #\ﬂ”ﬁaﬁgfuorcléi@pr@@s g289%sfep of

super heat i L f4 | i ght vapor fraction prior to the introducing to
t he poi nt égkﬁégéfggéébSHBO. The net hod according to claim25, further

conprising renoving a light inpurity-containing streamfrom
24. The system according to claim 13, wherein the
point of use is one or more semiconductor processing tools.
25. A method for delivery of a vapor phase product to
a point of use, the method comprising:
providing a storage vessel containing a liquid
chemical under its own vapor pressure;
introducing a stream of the chemical in liquified
state into a column, whereby the chemical is fractionated
into a contaminated liquid heavy fraction and a purified
light vapor fraction; and
introducing the purified light wvapor fraction to

the point of use.

26. The method according to claim 25, further removing
a portion of the contaminated liquid heavy fraction from the

column and reintroducing it as reflux to the column.

27. The method according to claim 25, further
comprising cooling the liquid chemical in a liquid subcooler

between the storage vessel and the column.

28. The method according to claim 25, further

comprising removing vapor formed from the liquid chemical in



the colum at a point above the point of renmoval of the purified |ight
vapor fraction, condensing a portion of the |I|ight inpurity-containing
streamin a refl ux condenser, and returning the condensed.portion to the
colum as refl ux. 31. The nethod according to ;Hian125 further

conprising condensing a portion of the light vapor fr ” u#umﬂl’tumrl ng

the condensed portion to the colum as refl ux.

according to claim25, further conprisjfg containing the purlfled i dght
vapor fraction in a surge tank prior to the introducing to the point of

y l'i quid
e 1 7 deddsadboalELbO0s2EE0LOLAO S GLBEALZS eEEl Chial e |1l

chemi cal an_el 8CtTORT ¢s sSpecral ty gas se ecte fromt
con5|st|n@opﬁmﬁnnnn|a (NH3), boron trichloride (BOJ[err]), carbon dloxide
(Cqerr]), chlorine (CJerr]), chlorine trifluoride (O F3),
dichlorosilane (SiHerr]CO[err]), trichlorosilane (SiHC [err]), disilane
(Si[err]H err] hydy ogen, brqm de HBr dr.og loride (HA),

hydr ogen quor%aé meﬁﬁ?508§°8%9889(ﬁ?ofXSéPk?§or§ SPSfhe

(C[err]F[@éﬁﬁf1s§ﬁbfurstep of superheating the purified light- 43po
hexaf | uoride (SF[err]), tungsten hexafl uoride (W6) and a perfluorocarbon.

34. The nérhou1ancprdpngtpothbanthQduwh@getw the podntt off uges is one or

nore sem conduct or processing tools. 35. The nethod according to
claim 25, wherein the

30. The method according to claim 25, further
comprising removing a light impurity-containing stream from
the column at a point above the point of removal of the
purified light wvapor fraction, condensing a portion of the
light impurity-containing stream in a reflux condenser, and

returning the condensed portion to the column as reflux.

31. The method according to claim 25, further
comprising condensing a portion of the light wvapor fraction

and returning the condensed portion to the column as reflux.

32. The method according to claim 25, further
comprising containing the purified light vapor fraction in a

surge tank prior to the introducing to the point of use.

33. The method according to claim 25, wherein the
liquid chemical forms an electronics specialty gas selected
from the group consisting of ammonia (NH,), boron
trichloride (BCl,), carbon dioxide (CO,), chlorine (Cl,),
chlorine trifluoride (ClF,;), dichlorosilane (SiH,Cl,),
trichlorosilane (SiHCl,), disilane (Si,H,), hydrogen bromide
(HBr) , hydrogen chloride (HCl), hydrogen fluoride (HF),

nitrous oxide (N,0),perfluoropropane (C,Fg), sulfur



colum is operated at a pressure of fromabout 1 to 100 bar, and at a
tenperature of fromabout -200 to 300[err]C 36. A nethod for
delivery of a vapor phase product to a point of use, the.method-conprising:

providing a storage vessel containing a liquid cheri cal

vapor pressure; providing a plurality of col Mﬂmam Bm]'m
fractionating a liquid introduced therein into a resp sliguid
fraction and a respective |light vapor fggction, a first colum of the

plurality of colums being connected to receive, as the liquid introduced

therein, the ChRMLalel gsmqu'e‘u @&&fgﬁﬂ%ﬂ%&ﬂ myeapasgel ; and

renmoving froma second he plurality of Ms t he respective
i ght vapgseffhedrocarbon. i ntroduci ng the second colum |ight vapor
fraction to the point of use. 37. The nethod according to cl aim 36,
further conprising renoving a portion of the contamnated |liquid heavy

fraction fromtyg Segpnd,cphUam,aB8-hy! EQIUTHIN b5, Afgkethuknko the

second col um 38. The

met hod aCdesﬂnﬂgo‘fOugéaim Sfie buribee semiBOhELBHoL0pkbREsERAG! taBLE .
chemcal in a liquid subcooler between the storage vessel and the first
col um. 39. The nethod according to claim36, further conprising

renovi ng vapor rme fro chepical _i.n degasser di sposed
bet ween t he sto%gge gg@s@ gﬂg ?ﬁ§°Fa% BoC8lalh 28,9GHa23%h €Y
column is operated at a pressure of from about 1 to 100 bar,

and at a temperature of from about -200 to 300°C.

36. A method for delivery of a vapor phase product to

a point of use, the method comprising:

providing a storage vessel containing a liquid
chemical under its own vapor pressure;

providing a plurality of columns, each column
fractionating a liquid introduced therein into a respective
heavy liquid fraction and a respective light wvapor fraction,
a first column of the plurality of columns being connected
to receive, as the liquid introduced therein, -the chemical
in liquified state from the storage vessel; and

removing from a second column of the plurality of
columns the respective light vapor fraction;

introducing the second column light vapor fraction

to the point of use.

37. The method according to claim 36, further
comprising removing a portion of the contaminated liquid
heavy fraction from the second column and reintroducing it

as reflux to the second column.



col umm. 40. The nethod according to claim36, further conprising a
step of superheating the purified |ight vapor fraction prior to the

i ntroducing to the point of use. 41. The systen1according to.claim__—
36, further conprising condensing a portion of th or fract

lig
and returning the condensed portion to the second coI urm atﬂlﬁllillu’uy"ll! Illl
42. The nethod according to claim36, further conprising
l'ight vapor fraction fromthe final cghum in a surge tank prior to t

introducing to the point of use. 43. The nethod according to claim

el coted  fronbtneTaolRtRERserrRgLhe BB EARTH Ry TRBREE™ 'Y DCh o ce

(BA [err]dom %@i@ﬁ?ﬂgdbglﬂdﬁg( ERken i bphi aC bhewiea 1( @n[ ar lihuid @Rbdler
trifluoride (A F3), dichlorosilane (SiHerr]CJ[err]), trichlorosil ane

(Si HO [ erbétwednsitheaneteseper ve2HRdr ehy, thedfigst Fodminde (HBr), hydrogen
chloride (Hd), hydrogen fluoride (HF),

-45- nitrous oxide (N err]20, perfluoropropane (Clerr]F[err]), sulfur
39. The method according to claim 36, further

comprising removing vapor formed from the liquid chemical in

a degasser disposed between the storage vessel and the first

column.

40. The method according to claim 36, further
comprising a step of superheating the purified light wvapor

fraction prior to the introducing to the point of use.

41. The system according to claim 36, further
comprising condensing a portion of the light vapor fraction

and returning the condensed portion to the second column as

reflux.

42. The method according to claim 36, further
comprising containing the light vapor fraction from the

final column in a surge tank prior to the introducing to the

point of use.

43. The method according to claim 36, wherein the
liguid chemical forms an electronics specialty gas selected
from the group consisting of ammonia (NH;), boron
trichloride (BCl,;), carbon dioxide (CO,), chlorine (Cl,),
chlorine trifluoride (ClF,), dichlorosilane (SiH,Cl,),
trichlorosilane (SiHCl,), disilane (Si,H¢), hydrogen bromide

(HBr) , hydrogen chloride (HCl), hydrogen fluoride (HF),



hexafl uoride (SF[err]), tungsten hexafluoride (W6) and a perfluorocarbon.
44, The nethod according to claim 36, wherein the plurality of columms
operate at a pressure of fromabout 1 to 100 bar, and at -a t-enperature of- - -

from about -200 to 300[err]C 45. A systen1for del i

el ectronics specialty gas to a sem conductor processing tqm n"ﬂg‘m“mg‘jm
conpri si ng: a storage vessel containing a liquid

its own vapor pressure; a calgnm connected to receive the

chemical inliquified state fromthe storage vessel, whereby the cheni cal
Is fractign [ ga yand a purified

| i ght vap% %%?ggtgkﬂd% ﬁgﬂé??b@?ffgokgﬂgéﬁ% tY%bﬁ %hg 0 the col um for

renovi ng hegafdlichdied | (s ,V@ﬁﬁgsﬁéﬁChéﬁaflhefﬂﬁéOI(rWFs) and a  Wherein
the systemis connected to the sem conductor processing tool for

i nt roduci pgriflaomedaben | i ght vapor fraction thereto, and the purified
| i ght vapor fraction is an electronics specialty gas. 46. A net hod
for delivery of an electronics specialty gas to a sem conduct or

processi ng toolyg t heHetitthod GRIBIFSEIMP to claim 36, RASLINGHe St orage
vessel containing a liquid chem cal under its own vapor pressure;

- 46- pluraliitiy radft o Ingues sipesmhefatt e pregawed ofh frquidbet 1
to 100 bar, and at a temperature of from about -200 to
300°C.

45. A system for delivery of an electronics specialty
gas to a semiconductor processing tool, the system
comprising:

a storage vessel containing a liquid chemical
under its own vapor pressure;

a column connected to receive the chemical in
liquified state from the storage vessel, whereby the
chemical is fractionated into a contaminated liguid heavy
fraction and a purified light vapor fraction; and

a conduit connected to the column for removing the
purified light vapor fraction therefrom;

wherein the system is connected to the
semiconductor processing tool for introducing the purified
light vapor fraction thereto, and the purified light wvapor

fraction is an electronics specialty gas.

46. A method for delivery of an electronics specialty
gas to a semiconductor processing tool, the method
comprising:

providing a storage vessel containing a liquid

chemical under its own vapor pressure;



state into a colum, whereby the chemcal is fractionated into a
contam nated |iquid heavy fraction and a purified I|ight vapor fraction;
and introducing the purified light vapor fraction to the

sem conductor processing tool, wherein the purified I “"ﬂﬂﬂlon
I's an el ectronics specialty gas. - 47. An on-sitenﬂmlrlmgm”

distribution system conprising: a storage vessel tcofitafnihg a
| iquid chem cal wunder its own vapor pygssure; and a plurality

of vapor supply systenms connected in parallel and downstream fromthe
storage vessel, the,vapor supply systens bej n d.to.recei t he
chem cal in quuif%%@gg?gféggp% ggﬁﬁaﬁrSEUEE%gggeﬁggégc%bv%1§H§F¥%€h
vapor praogiupte into a colUhf! ewRetBByVERA! chERRLY1SY &t EFBcRA8naRed
connected to one or nore respective points of use for introducing the

respecti vimtpora f cedtampoatpdodiiquidhbesvy. fraction 484 @hpugdfdiede cheni cal
di stributjon systen1a§cordLng to_claima47, wherein each of the vapor

suppl y sy%}%%%_%%ﬁﬁ?i Eachhe éraHGre col ums. 49. The on-site
chem cal distributi 9Ht§%5§h‘é%lg§ciiﬁédpﬂgifti%dc'ligﬂzggriag\réﬂ?rf?a%tﬁ%?ﬂ f the

vapor supply systens urt conprises a sup or superheating the
purified thghsemapondiitaeki processing tool, wherein the purified

light vapor fraction is an electronics specialty gas.

47. BAn on-site chemical distribution system,

comprising: .

a storage vessel containing a liquid chemical
under its own vapor pressure; and

a plurality of vapor supply systems connected in
parallel and downstream from the storage vessel, the vapor
supply systems being connected to receive the chemical in
ligquified staﬁe and each producing a respective purified
vapor product;

wherein the vapor supply systems are each
connected to one or more respective points of use for

introducing the respective purified vapor product thereto.

48. The on-site chemical distribution system according
to claim 47, wherein each of the vapor supply systems

comprises one or more columns.

49. The on-site chemical distribution system according
to claim 47, wherein each of the vapor supply systems
further comprises a superheater for superheating the

purified light vapor fraction.



50. The on-site chem cal distribution systemaccording to claim47,
whérein the one or nore points of use conprise one or nore sem conduct or
processi ng tools. 51. The on-site chem cal distribution system
according to claim47, further conprising a reservoir for containing'the™

liquid chemcal, the reservoir being disposed downstream II m

vessel and upstream of the vapor supply systens. SE Il mlml‘“ m”"l
chem cal distribution system according g4_claimb51, further*cofprtsimgsa +
recycle line connected to the reservoir for recycling thereto that portion

of the liquid em | s | i . sypply
systoms, 0 SEg iR SEENe S cE AR B E o o SBBBEaLAERT
claim 47, we&mmtm Iwmxrélmhtem C@Lelér aflotd 666119 CSE SPSE | @brhyr 96
selected fromthe group consisting of amonia (NH err]), boron trichloride
( BC1[ er r ] )one 0hIwOxE o5emcomip et el ) pre¢essing Y@pigrr]), chlorine
trifluoride (A F[err]), dichlorosilane (SiHerr]dJ[err]), trichlorosilane
(SSHO [err]), disilane (Si[err]Herr]), hydrogen brom de (HBr), hydrogen

chloride (HQ), shydrpgenohl 89fs denédifdal NdisOHSH@X188 system according
(N20), perfluoropropane (Clerr]F[err]), sulfur hexafluorlde (SF[err]),

t ungst en sta:l’:lammtl’é, (W{:tahet)camyraspngfaumseavbm for conta®ting net hod
for on-sit trlb tion of chem cal, the t hod conpri si.n
6.0 e PuiilorRignicalor iR TessErOLEMbaTRI NG aPPPE qovnstrean

of the storage vessel and upstream of the vapor supply

systems.

52. The on-site chemical distribution system according
to claim 51, further comprising a recycle line connected to
the reservoir for recycling thereto that portion of the
liquid chemical which is not fed to the plurality of wvapor
supply systems. ﬁ |

53. The on-gite chemical distribution system according
to claim 47, wherein the liquid chemical is an electronics
specialty gas selected from the group consisting of ammonia
(NH;) , boron trichloride (BCl,;), carbon dioxide (CO,),
chlorine (Cl,), chlorine trifluoride (ClF,), dichlorosilane
(SiH,Cl,), trichlorosilane (SiHCl,), disilane (Si,H),
hydrogen bromide (HBr), hydrogen chloride (HCl), hydrogen
fluoride (HF), nitrous oxide (N,0),perfluoropropane (C;F,),
sulfur hexafluoride (SF¢), tungsten hexafluoride (WF¢) and a

pexrfluocrocarbon.

54. A method for on-site distribution of a chemical,

the method comprising:
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under its own vapor pressure; I ntroduci ng the chem
led formto a'plurality of vapor supply systens connected in

cal

and downstream fromthe storage vessel, each_of the.vapor-supply
systens producing a respective purified vapor product; and

ng the respective purified vapor product to omw““\ m’uuﬁi&ﬂ!{tive
use. 55. The nethod according to clai mMtSAY h of

supply systens conprises ong,gr nore col ums. 56. The

cording to claimb54, further conprising superheating the purif
ducts prio Jdantrodugti 0 n le I R}t fy use.
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introducing the respective purified vapor product

to one or more respective points of use.

55. The method according to claim 54, wherein each of

the vapor supply systems comprises one or more columns.

56. The method according to claim 54, further
comprising superheating the purified vapor products prior to

introduction to the one or more points of use.

57. The method according to claim 54, wherein the one

or more points of use comprise one or more semiconductor

processing tools.

58. The method according to claim 54, further
comprising recycling to a reservoir that portion of the
liquid chemical which is not fed to the plurality of vapor

supply systems.

59. The method according to claim 54, wherein the high

purity vapor phase product is an electronics specialty gas.

60. The method according to claim 54, wherein the

electronics specialty gas is selected from the group



dioxide (CJerr]), chlorine (Cferr]), chlorine trifluoride (CF[err]),
di'chl orosilane (SiHerr]CJ[err]), trichlorosilane (SiHC[err]), disilane
(Siferr]Herr]), hydrogen brom de (HBr), hydrogen chl oridé (HCIL), hydrogen

fluoride (HF), nitrous oxide (N20), perfluoropropane (( ) ur
hexaf |l uoride (SF[err]), tungsten hexafl uoride (WF6) anorm[l m;l r"llm n.
* [ L M S *
' -49-

consisting of ammonia (NH,;), boron trichloride (BCl;), carbon
dioxide (CO,), chlorine (Cl,), chlorine trifluoride (C1lF,),
dichlorosilane (SiH,Cl,), trichlorosilane (SiHCl,), disilane
(8i,H¢) , hydrogen bromide (HBr), hydrogen chloride (HCl),
hydrogen fluoride (HF), nitrous oxide (N,0),perfluoropropane

(C,Fy), sulfur hexafluoride (SF¢), tungsten hexafluoride (WF)

and a perfluorocarbon.



